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1. INTRODUCTION

Oil well leaks and spills from damaged tankers are sources

of pollution that can contaminate beaches and destroy marine

life. The recent leaks in the Santa Barbara Channel and the

breaking up of the Torrey Canyon have led to increased emphasis

on the urgent need to develop systems to contain spilled oil and

to remove it from the ocean surface. Obviously, it is most de-

sirable to prevent similar occurrences in the future. Unfortu-

nately, experience shows that even our best efforts cannot pre-

vent the occasional occurrences of major maritime disasters by

human error, mechanical failure and environmental stress. Thus,

the potential for incidents involving massive oil spills will

remain with us and special techniques and equipment to facilitate

their removal from both coastal and inland waters will be re-

quired.

Oil naturally tends to spread rapidly to form a thin film

over the water surface. Environmental conditions of wind, cur-

rent and waves only serve to augment this tendency. In order

to efficiently recover oil from the water surface it must first

be collected and/or contained In a small area with a relatively

thick film. Many candidate collection and retention systems

have been proposed and, undoubtedly many more will be Inver.ted

In the near future. In particular, many forms of floating oil

retention booms have been proposed to prevent the spread of oil

slicks.

1.
~~,w
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There are currently several oil boom designs on the market.

These bocms have been used successfully to retain oil and other

debris in relatively sheltered waters. However, attempts to use

existing hardware off-shore at Santa Barbara were severely ham-

pered due to mechanical failure of the oil booms.

HYDRONAUTICS, Incorporated, under the sponzorship of the

U. S. Coast Guard, has undertaken a study to provide basic quan-

titative engineering data on the performance of oil retention

booms i, a seaway. The aim of this resulting report is to pro-

vide designers and evaluators of oil retention booms with in-

formation and data to aid in the prediction of boom loads, shapes,

and motions. In particular, the research Is intended to provide

information which will aid In answering the following questions:

1. What are the local loads in an oil retention boom

and what are the end or mooring loads In the

presence of wind, currents, and seas?

2. What will be the overall configuration assumed by

an oil boom under the loads imposed by the sea?

3. What are the motions of the boom In a seawayt

In particular, will the boom ever be completely

Immersed by a wave crest or lift clear of a wavv

trough permitting oil to escape?

4. What are the maximum local stresses in an oil

retention boom and where along its length will

these occur?
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The study is primarily a theoretical analysis of the oil

retention boom to provide information on a large variety of boom

configurations and sea conditions. This theoretical analysis is

backed up by the results of an experimental program. Towing

tank tests conducted on selected boom configurations have provided

information which serve. to check the accuracy of the theoretical

analysis.

The analytical method that was developed was programmed for

an IBM 1130 computer and this program used to generate data for

oil booms varying several controlling parameters.

2. THEORETICAL ANALYSIS

The complete analytical solution for the motions and loads

on an oil retention boom of arbitrary configuration subjected to

the loads of wind, current, and an irregular sea is a formidable

task. The problem is difficult because of its highly nonlinear

nature and the large number of parameters involved.

The important parameters in determining the perforinance of

an oil retention boom can be divided into four groups. These

are physical properties, hydrodynamic properties, mooring con-

ditions and environmental conditions. Twenty-seven variables

are incluAded in the four groups. These are listed In Table 1.

i

-i
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TABL.t• l.- PARAMkTERS AFFECTING BOOM PiMPORWANCE

Physical Properties

Cross seztlonai shape
Spec i•f Cc gravity
Center of gravity location
',hear -.enter location

Tens!".ec nodulus of elaetAcity, E
Thear modul.,'s cf elasticity, 0
Vertical section moment of inertia, IV
Horizontal section moment of 'nertia, Ih
Polar section moment of Inert.a, J
Effective structural cross-sectlonal area, A
Absolute. size
Length

Uydrod.;Mami c Propertlte-a

Scin 1rlct1on .-oefflcient
D.-ag •oefficlent for flow normal to toom axis

(skm-- as horizontal demping coefficient)
Vort!-a' damping coefficlent.
H ,zct8,t1£ vId1oi mass coefsfc'ent
V,'rt';til 9.1t'1 ma l ý*Qefflclent

f){Otcs: Th-Ae rrust hv deftned for ooth that port'on o0' t?"
toom :n the &1r as well 93 the portion In tht., wsetV.
a4ndln go.neral, these are all non-linear u Qt o...
uf the lc%,ai boom posltlor:).

Mcortr. n�"(:odi~tior( EnvIronmenta Ior :"I+I

Moor'ng -onflxurstlon (spacrng Wind strenjgth
oijr -:rientaticn ti the •el) Wind dirt?.2ti~r

Norr~lnw sprIng .,onstants Current strength
Mgor,-g noamping ':oerflcients Current dircctlon
Mor)r.s n f #Mfr.t ve masises Wave sq.ctr;AM

Dominant wave ih'vv' ot.
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2..I Dimensional Analysis

The effective number of variables involving boom

properties can be reduced by non-dimensionalizing. In order to

do this, non-dimensional parameters must be found that relate

the stiffness of the boom to the buoyant and dynamic forces

acting on it in such a way that the correct relation between them

is maintained. The def'lection of the boom can be non-dlmension-

alized by exptrsslng the deflection in terms of a characteristic

length. ThuL,:

_ FL2 ()
8 K-

L El

where

5 • defl,.ýet.on, ft

L e characteristic length, ft

K = e function of the load distribution and boundary

conditlons of the boom,

? : app.1ed load, lb

modalus cf elasric.ty, lb/ft 2 , and

S sectior moment of Inertia, ft 4 .

•i-, cboth buoyant and dynamic forces are Involved, they

mu.-t be; non-dimenslonallzed In such a way that their rellativ.,.

,agnItult, compbved to the elasti, stiffness (EI) of the boom Is

nairitijlned. The buoyant and dynamic forces must, of course, be

kept *n proper proportion relative to each other. For example,

: wave pasrIng the boom will change the rmmerslon of the boom

i
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and thus change the buoyant force on the boom. The wave also

has orbital velocities associated with it and will thus induce

dynamic forces proportional to the Froude number squared.

V2(Froude number) 2 = (2)

where

V = a characteristic velocity (wind or current),
ft-sec-1

g = gravitational acceleration, ft-sec-2

Thus, to maintain the proper relation between dynamic and buoyant

forces, the Froude number must be constant. Since the accelera-

tion of gravity (g) is fixed:

V L (3)

The Reynolds number, a measure of the relative magnitude

of the dynamic forces compared to the viscous forces, must also

be considered. Reynolds number is expressed as:

(Reynolds number) = P (4)

where

p = fluid density (air or water), lb-sec2 -ft-4

S-- fluid viscosity (air or water ), lb-sec-ft- 2

For a given sea condition p and • are fixed; thus, for a con-

stant Reynolds number:

1W
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V (5)

This result is, of course, incompatible with Equation (3).

Fortunately, the major influence of viscosity is only to modify

the dynamic coefficients. The magnitude of this effect is usually

small compared to the influence of the buoyant forces. In fact,

within the range of practical boom sizes (say 2 to 10 feet in

height) the influence of a change in Reynolds number will be

negligible.

Non-dimensionalizing can therefore be accomplished using

the Froude number to provide the required relation between dy-

namic and buoyant forces, i.e., between V and L.

The buoyant forces FB are proportional to L3 . The dynamic

forces of wind F and current F are proportional to V2 L2 .a w

Therefore, boom deflections due to buoyancy 5B, wind 5a and cur-

rent § can be expressed non-dimensionally with the aid of Equa-w

tions (1) and (3):

L2

5 a F a L 1,

T = a Elj EI

6 F wL 2 L 5

I K - -- - (6)

L w EI E

I.
.I
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Thus, geometrically similar booms of different absolute
5J

size will behave the same if the ratio LS/EI is maintained and

wind and current velocities are adjusted proportional to

Absolute size can now be eliminated as a parameter if we

define non-dimensional parameters:

EI
Stiffness, S' =

Pw gL 5

• ½PA~aL4P A

Wind speed, V = AEI
a EV

* •½ wVw2 L4

Current, Vw E=
w El

Wave height, h' -h

where

Pw = density of water,

PA = density of air, and

h = wave height.

To apply this scaling to the real sea one further assump-

tion is* made. That is, that the scaled energy distribution of

the waves in one sea state is the same as in another sea state.

(e.g. sea state 3 is a scale model of, say, sea state 4).

• -0e
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While this non-dimensionalizing is, of course, not necessary,

it does provide a useful framework for comparing the performance

of booms of slightly differing sizes.

It was originally planned to carry out both a static analysis

(constant wind and current with no waves) and a dynamic analysis

with a single numerical solution technique programmed for a digi-

tal computer. This technique would provide a three-dimensional

solution and would include the most important non-linearities.

While such a program is feasible, difficulties encountered in

developing a satisfactory computational procedure precluded de-

velopment beyond the static solution. A linearized analysis was

therefore developed to predict the dynamic performance. A de-

scription of both the static and the dynamic analysis follows.

An explanation of the equations involved is presented in Appen-

dix C for the static solution and in Appendix D for the dynamic

solution.

2.2 Static Analysis

The type of oil retention boom treated is a continuous

elastic beam floating on the water surface. The water surface

is assumed flat (no waves) so that the only environmental loads

imposed on the boom are from wind and current. The boom Is

divided into a large number of imaginary elements, each of which

is assumed sufficiently short so that angular deflections within

Its length are small, and so that classical linear beam theory

w11l, therefore, be valid in computing the deflections of each

I .

-I
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element. It has also been assumed that torsional deflections of

the boom are sufficiently small so that they produce negligible

changes in the horizontal and vertical sectional properties of

the boom.

Some important non-linearities are included in the static

analysis and should be noted. First, the classical beam deflec-

tion and equilibrium equations have been modified to include the

influence of the tension on deflection. The non-linear coupling

of tension and deflection is necessary to permit the solution for

booms of small or negligible stiffness.

In general, large deflections are required of the entire

boom configuration. Therefore, in order to correctly resolve

the loads and map the complete boom configurations, it is neces-

sary to include all trigometric relations in the equations. These

trigometric relations not only make the equations non-linear but

produce additional coupling between the force variables and the

position variables.

A third type of non-linearity is encountered in computing

the hydrodynamic and hydrostatic loads acting on the boom. These

loads are based on the position and orientation of the middle of

t:ach individual e]pment of the boom. Hydrostatic loads are de-

termined by computing the actual displaced volume of each element and

take full account of its cross-sectional shape. Hydrodynamic

a:nd aerodynamic loads are computed separately in a direction

tangential to the boom axis and normal to the boom axis. To do

this, the flow velocity (air and water) is resolved into com-

jo!,tr.ts tangential to and normal to the boom axis. Tangential

-.- .9
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loads are b• n the wetted surface of the element and a skin
friction co, 'ent (Cf). Normal loads are based on the frontal
area of theý nt and a drag coefficient (CD). In computing
the data prj !d in Appendix A, C and C were taken as 0.04 and

f D

the immerse ;ion.

Roll t ; are based on the assumption that the hydro-
dynamic and jiynamic centers of pressure are located at the
midpoint oý $ •roJected area (in water and in air) of each
element. T jque is then taken to be the hydrodynamic or
aerodynami. ' al load times the distance between their respec-
tive centeij )pressure and the boom shear center. Of course,
hydrostati stability and torsional stiffness of the boom
are also it d in the calculations.

The nA •al solution for the loads and shape of an oil
retention -• equires the simultaneous solution of four types
of equatio''( hese equations, along with a complete description,
are presen Appendix A. However, a brief description of
the functi each type of equation Is presented in the fol-

* lowing par~ a.

The i 'ype of equations are the six "equilibrium" equa-
tions. T4' ,uations relate the forces and moments on one end
or an ele : j 0 the forces and moments on the other end of the
element Ir s of the deflections and applied loads. They
Insure th• , h element of the boom, and thus the entire boom,
IC In equt• um such that all the externally applied loads are
t-asan,:ed ernal structural loads.IN,

k lit.r
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The second type of equations are the six "deflection"

equations. These express the deflection of each element in terms

of the applied loads and the structural forces and moments on the

ends of the element which are transferred from the neighboring

elements.

The third type are the six "shape" equations. These relate

the position of one end of each element to the position of the

other end in terms of its angular posit..on and the deflections

within the element. They insure that the end of each element

has the same position and orientation in space as the end of the

mating element. That is, the boom forms a smooth continuous

curve.

These 18 equations are applied to each element and are suf-

ficient to solve for all the internal loads, deflections, and

overall shape once the applied loads and mooring conditions are

known. The mooring conditions are specified in the fourth type

of equations, the "boundary condition" equations. There are 12

of these equations, 6 for each end of the boom. These equations

form explicit relations between the forces and moments on the

ends of the uoom and their location and orientation in space.

The boundary conditions applied to all data in Appendix A are:

(1) the ends of the boom must be located at specified positions

(the vertical position is specified to be at the equilibrium

waterline), and (2) that there be no bending moments or torque

at the ends (i.e., a flexible connection between the boom and
14LZ moorinR).

.1W-.
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A boom represented by N elements will have 18 N + 12 simul-

taneous equations to be solved. Since 10 elements were used in

obtaining the results presented in Appendix A, it was necessary

to solve a set of 192 simultaneous equations for each case.

The numerical solution of these equations is carried out on

an IBM 1130 digital computer. The computational technique must,

of course, possess mathematical stability if the solution is to

converge. This stability depends on how the non-linear terms are

treated, how the equations are normalized, and the order in which

the computations are carried out. Considerable difficulty was

encountered in obtaining a stable solution for all boom configu-

rations. This was particularly true for solutions involving

booms of low but finite stiffness. It was found necessary to ex-

press the equations in the form of a linear, small amplitude

perturbation about an assumed solution, and to include deriva-

tives of all applied load functions with respect to boom position.

The result is a set of linear simultaneous equations which are

presented in Appendix C.

These equatJons have been arranged in matrix form and are

3olved using Gauss' reduction method (Reference 1). Because of

the nucessity of expanding non-linear terms, an Iterative calcu- I
lation procedure is required. In each iteration the previously

computed configuration is used as the assumed configuration In

the expanded terms. The calculations for the hydrodynamic loads

on the boom, which are a function of the toom position, are

based on the boom position in the previous iteration. Initial

IIa
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conditions are provided by assuming the boom floats at its equi-

librium waterline and lies in a specified curve between its moor-

ings. In the cases where the boom was relatively stiff compared

to the applied loads,a circular arc curve was used as the initial

curve. In cases where the boom was relatively limber, the curve

assumed by a boom of zero stiffness was used to reduce the number

of iterations required for convergence. These zero stiffness

curves were obtained from Reference 2.

Typically, four iterations were required to obtain satis-

factory convergence. With the boom divided into 10 elements this

required about 15 minutes of computer time; an additional 15

minutes were required to automatically plot the results. Thus,

a total of about one half hour of computer time was required to

produce the results for each case presented in Appendix A.

2.3 Dynamic Analysis

A continuously elastic oil boom floating on the water

surface is again treated. However, the non-linearities which

were Included in the static analysis are not Included in the dy-

namic analysis. It is assumed that the basic boom geometry

(planform) Is the result of the steady wind and current loads

as computed In the static analysis. The waves are assumed to

be long crested and to cause only small oscillatory perturba-

tions about this basic shape. It is further assumed that the

radius of curvature of the boom under steady loads Is large

-:

- ~m~mm
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compared to the radius of curvature from wave induced motion so

that, at any point on the boom, the wave induced motions and

loads will be statistically the same as those on an infinitely

long straight boom with the same mean tension and orientation to

the sea. The latter assumption requires fluctuations in tension

from waves to be small compared to the mean tension imposed by

wind and current. These assumptions permit a dynamic solution

to be linearized about the steady-state solution.

The problem is formulated separately in the vertical and

horizontal planes. The governing equations in both planes are

linear, fourth order differential equations. These are presented

as Equations (D-4] and [D-21] in Appendix D for the vertical and

horizontal planes respectively. These equations are solved to

obtain the unit response operator of the boom as a function of

wave frequency.

To obtain statistical information it is necessary to have

a representation of the spectral energy density as a function of

wave frequency in the desired sea conditions. We have selected

the Pierson-Moskowitz spectrum which Is given by Equation (13).

The spectral uensity of any desired quantity at any wave fre-

quency is obtained from the product of the square of its unit

response amplitude and the amplitude squared spectral density

of th2 wave spectrum. The root-mean-square amplitude Is then

round by Integrating to find the square root of the area under

t~he curve of spectral density. Finally, the statistical prop-

erties of the Rayleigh distribution formula are used to find
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the average, average of one-third highest, average of one-tenth

highest, and maximum expected value for each desired quantity.

The complete formulation for these is presented in Appendix D.

The output of the dynamic analysis gives the above statis-
tical values for the following quantities as a function of the

boom properties, boom tension, sea state, and orientation to the

sea.

fVertical Plane:

Resonant Frequencies

Absolute Vertical motion of boom (Displacement)

Bending Moment

Shear

Relative Vertical motion between the boom and the

Water Surface (Immersion)

Slope

Curvature

Horizontal Plane:

Resonant Frequenciec

Absolute Horizontal motlori ot' boom, (Disp]acement)

Bending Moment

Shear

Slope

Curvature
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Maximum loads on the boom are obtained by adding the static

and dypamic loads (bendlyg moment and shear) separately in both

the vertical and horizontal planes. These are then combined by

taking the vector sum of both components (i.e. the square root

of the sum of the squares).

A limitation of this linearized approach is that statisti-

cal information on fluctuations In tension cannot be obtained.

However, an empirical relation has been developed to estimate

the average tension at the ends of the boom. This relation is

given in Equation(14)and reflects the increase in boom drag due

to the orbital velocity of the waves.

Results of' the dynamic calc'ilations are presented in Ap-

pendix D.

3. OIL BOOM MODEL TESTS

To verify the results of the analytical -tudy of Phase I,

a model test program was conducted in the HYDRONAUTICS Ship

Model Basin. A description of the model, t,-c. procedures, and

results follows:

3.1 The Model

A scale model of an oil boom must be dynamically as

well as geometrically similar to the prototype. To satisfy dy-

namic (Proude) scaling, the "bending stiffness" El and "tor-

sional rigidity" GJ of the model must be scaled to the fifth

power of the scale ratio N:

Am-1
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D L
J= . =- (8)
D L

m m

where

D = diameter, ft

L = Length, ft

p = subscript denoting "prototype", and

m = subscript denoting "model".

A non-dimensional stiffness S' may be defined that must be con-

stant for both model and prototype:

(1 EI~ (El (9)
pgD m pgD5 p

where

p = mass density of water, slug-ft- 3

g = acceleration of gravity, ft-sec- 2

Thus,
(E()

(El)m P - (10)
5

Similarly,

pgD5 m pgD p
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The ratio p /p in Equation (lO)is a correction for the dif-m p
ference in density of fresh water (model) and salt water (pro-

totype) - 0.97.

The bending stiffness and torsional rigidity of a realistic
oil retention boom model are quite small due to the dynamic
scaling criterion. The model boom must be extremely flexible to
simulate a full-size boom. To achieve this flexibility with
materials that were readily available, the model boom was fabri-
cated of wooden 15-inch long cylindrical segments connected by
1-inch Joints of polyvinyl chloride (PVC) tubing. All flexing
of the model occurs in the 5/8-inch diameter joints. The model
consists of 19 segments and 18 Joints, giving a total model

length, L = 25.25 ft.

The segment diameter = 3.60 inches. However, the ends of
the segments are tapered witn 45 cones to permit the Joints

to bend to 90°.

Each segment has four slots evenly spaced around its
perimeter to hold inserts. The inserts are of steel or wood
and are exchanged to effect changes in model density and center

of gravity.

Figure 1 is a photograph of the model showing the details

of construction.

a ! .



HYDRONAUTICS, Incorporated

-20-

The model was built to simulate a continuous oil boom con-

structed with a thin elastic skin inflated to a 6-foot diameter

and ballasted with water. Of course, the model more closely

simulates a segmented oil boom in which the flexibility is con-

centrated at the joints.

The model parameters were chosen to be representative of a

realistic oil boom configuration. However, th6 corresponding

prototype is not necessarily a viable design.

The bending stiffness, EI,and torsional rigidity, GJ, of

the oil boom prototype and model (where - = 20) are tabulated

below.

TABLE 2. - OIL BOOM CHARACTERISTICS

Model Prototype

L, ft. 25.25 505.0

D, ft 0.30 6.0

EI, lb-in 2  29.0* 95.6 X 106

GJ, lb-in2  27.4 90.5 X 106

*i

Note: Effective value.

The values of El and GJ are given as effective values for the

model, i.e., the L' 4,rfness of the joint is adjusted by the rel-

ative lengths of the joint and the model segment to obtain the

stiffness equivalent to a model boom having continuous flexibility.

I.
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The effective bending stiffness and torsional rigidity of

the model may be expressed as dimensionless quantities to elimi-

nate absolute size as a parameter' (see Equation (9)):

L' = L/D = 84.1

S1= - = 1.33
pgD5

R' = GJ 1.26
pgD

5

The model was tested in four conditions of ballast. These

conditions are given as dimensionless quantities in Table 3.

TABLE 3. - MODEL BALLAST CONDITIONS

Model Designation A B C D

4W/pgrLD' 0.700 0.700 o.625 o.625

CG/D 0.096 0.049 0.055 0.107

H/D 0.742 0.742 0.672 0.672

AF/LD o.683 o.683 o.6o8 O.608

where

W - model weignt, lb

CO - distance from boom axis to center or gravity, ft

H - draft, ft

A - frontal area, ft2 (see Figure 2).

F.

I
I

.°I
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3.2 Test Procedures

The oil boom model was tested in the HYDRONAUTICS

Ship Model Basin in both calm water (steady state) and irregular

long-crested waves. The model was towed, to simulate ocean cur-

rents (relative to the oil boom mooring system), at nominal speeds

of 0.25, 0.50, and 0.75 fps. Corresponding full scale currents

are 0.66, 1.33, and 1.99 knots, respectively.

The model was towed with-P elastic mooring lines 5.42 ft.long

attached to the ends of the model. These were used in order to

transmit a nearly constant (due to the very low spring constant)

towing force to the model. In this manner, the effects of car-

riage surge were damped out and the model speed (current) was

held more nearly constant.

The boom mooring was symmetric in all tests, i.e., the line

intersecting the two mooring points is at right angles to the

current. The spacing between the mooring points on the towing

bar was adjustable from 0 to 15 feet. A spacing of 8 feet was

chosen to represent a "fixed" mooring. This represents a con-

dition where the full scale oil boom is moored to buoys or other

fixed moorings which are spaced 160 ft. apart and symmetric to

the flow. In other tests the mooring spacing was adJunted ".o

simulate "drogue" mooring i.e., where the oil boom is attached

to drogue anchors that have no transverse resistance so that. the

mooring lines are parallel to the flow. Thus, In these tests,

the spacings between the mooring points and between the boom

ends are equal.

I
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(towing force) of the oil boom was measured by avari4 eluctance type modular force gage upon which the towing
bar unted. The gage capacity is 10 lb, but the forces in-volv (these tests ranged from only 0.1 to 1.0 lb. A low
signs noise ratio was a result of carriage-induced vibrationsin t pýing bar and the low drag forces involved. However, by
inte g the gage output over long time periods (50 sec), the
dc c ýnt of the signal was effectively separated from the
nois iese average (integrated) drag readings were repeated
seve [mes during each test and showed to be reliable to with-
in _+ b.

Sphape of the oil boom in the horizontal plane was re-

corl 'otographically. The still camera was located about
11 O bye the water surface. Typical photos of the boom in
cal r and in waves are shown in Figure 3. The grid in these
photj s made of cords spaced at 2 ft. intervals in a plane
1.7C, above the water level.

gular long-crested waves are generated by a wedge-
shad unger at one end of the towing tank. Significant wave
hel d the spectrum of wave energy are controlled by a
mec lly driven set of several sine-cosine poten* :unrrv ters
rotl at different frequencies and in random phase. The Ir-
reg, ignal generated by the system can be repeated by re-
cyc o the same initial phases between potentiometers. The
bi uld ordinarily repeat only after about an hour In
ope

'!

iI!

~ ( )i.a u u n b u J
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The tests in waves were conducted so that individual runs

(in the same sea state) were made over a similar irregular wave

profile. The wave profile, with respect to a point on the

towing carriage, was measured by a sonic probe and recorded on

a visicorder. The profile was recorded for about two minutes

during the first run in each of the three significant wave

heights N (sea states). Records were not produced during suc-

ceeding runs.

Two movie cameras were used to record the motions of the

oil boom when towed in haad seas (all tests in waves were con-

ducted with current and waves running in the same direction).

One movie camera was mounted overhead next to the still camera

and the other was located about 5 ft. above the water and angled

to give an oblique view of the water surface. The cameras were

run simultaneously at a rate of 12 frames per second for about

55 seconds during each test.

3.3 Discussion of Test Results

3.3.1 Tests in Calm Water - The model was well-behaved

In the calm water tests. After some initial oscillations, due

to the acceleration to the desired towing speed, the boom

quickly assumed a steady shape. To simulate drogue mooring, the
* 4

mooring spacing was adjusted while underway until an equilibrium

(steady) shape was found in which the towing lines were parallel,

i.e., the boom end spacing, SB, equal to the mooring spacing,

.1.!
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After the boom had reached equilibriuma photograph was

made to record the shape in the horizontal plane (see Figure 3).

The profile seen in a photograph is not the true boom shape be-

cause of parallax errors.

Offsets were taken from the photographs and corrected for

parallax to obtain the profiles in Figures 4 to 9. These are

profiles of the oil boom centerline. The coordinate system for

each profile was shifted so that the x-axis passed halfway be-

tween the boom ends and the y-axis passed through the point of

one end. The oil boom profiles were not exactly symmetrical

due to non-uniformities in the model construction and towing

lines.

The measured towing conditions for each test in Figures 4

to 9 are given in Table 4 in non-dimensional form.

There do not appear to be any significant changes in the

model profiles with respect to the four geometries (A, B, C and

D). Change in the vertical center of gravity (see Table 3)

would not be expected to affect the towing behavior in calm water.

A change in model density might be expected to have an effect

due to the increase In drag with greater submergence. However,

this effect is not readily apparent in the figures. Note that

the change in draft between model configurations Is about O.0

percent. A 5 percent increase In Proude number can be expected

to change the drag by the same amount as a 10 percent increase

in draft.

I
II
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TABLE 4I. CALM WATER TOWING CONDITIONS

Figure Mooring Test / T/L C
Number Condition Model Number D D

4 Fixed A 1 0.2360 0.3168 0.2966 0.2976 0.215
B 18 0.2360 0.3168 0.2991 0.3007 0.215
C 29 0.241o 0.3168 0.3070 0.2950 0.205
D 41 0.2400 0.3168 0.2951 0.3054 0.219

5 Fixed A 2 0.1570 C.3168 O.3106 0.2662 0.240
B 15 0.1530 0.3168 0.3020 0.3155 0.280
C 27 O.1670 0.3168 0.3166 0.2645 0.225
D 39 0.1700 0.3168 0.3109 0.3036 0.215

6 Fixed A 3 0.O750 0.3168 0.3739 0.2551 0.275
B 14 0.0700 0.3168 0.4364 0.2506 0.137
C ?6 0.0800 0.3168 0.4125 0.2579 0.236
D 37 0.0860 0.3168 0.3634 0.2593 0.149

7 Drogue A 6 0.2280 0.1782 o.18714 0.2891 o.164
B 17 0.2370 0.2110 0.2145 0.2887 0.170
C 30 0.2400 0.2178 0.2239 0.2854 0.172
D 4p o..246o 0.211C 0.2089 0.3010 0.185

8 Drogue A 5 0.1480 0.3037 0.3c66 0.2949 0.?18.
B 16 0.1510 0.3037 0.2634 0.2888 0.228
C 28 0.1650 0.3037 0.3110 0.2941 0.210

1D 0 .164o 0.2839 0.2878 0.2867 0.175

9 Drogue A 14 0.0700 0.5279 0.008 0.2872 0.260
B 13 0.0720 0.4356 o.4781 0.2705 0.115
C 25 0.0810 0.4784 0.5159 0.2629 0.315
D 38 0.0830 0.4819 0.5188 0.2615 0.097

a - oo9.ong spaein (towline spacing as fixed to towing carriage)

3 a Boom and spmotng(towllne spacing am fixed to the boom ends)

L a Doom length
T a fowline length

CD a Drag aoeffcetlnt (awe Squstion 12)



HYDRONAUTICS, Incorporated

-27-

Significant changes in the boom profile ar.1kse from the towing

speed (Froude number) and the lateral spacing between the mooring

points. These changes are obvious in the figures and follow

trends that would normally be expected.

Calm water drag data are presented in Table 4 and Figure 10.

The drag coefficient is defined by

CD= D (12)D p V2 HL

where

D = drag, lb.,

V - current velocity, fps.,

H = draft, ft.,

L - boom length, ft.

The drag data are shown as a function of mooring spacing, SM.,

The mooring conditions, fixed or drogue, and Froude numbers are

indicated by the data point symbols. No significant effects d,'e

to Froude number or mooring conditions are apparent from these
data. The model configurations are not indicated In this fig-

ure; however, they also show no effect. A dashed line is shown

to indicate the tendency of the drag coefficient to increase as

mooring spacing Increases, as should be expected.

iI
q!
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3-3.2 Tests in Waves - Irregular waves were generated in

the towing tank in such a way that their (amplitude squared)

spectral density S(w) would simulate the spectrum given by

Pierson-Moskowitz (Ref. 3). This spectrum may be expressed as

SW = 16.3 (M)' e N, ft-sec (13)

where

0) = frequency, red/see

} significant wave height, ft., and

16.8 and 33.56 are empirical constants.

The "significant" value Is defined as the average of the highest

one-third values of the parasveter in question. The parameters

in this report are generally given as amplitudes. Wave height 1I

the exception and Is a "double" amplitude measured from crest t.o

succeeding trough.

The wave records from the molel tests were treated statis-

tically to :'In. the spectral density as a function of wafie fre-

quency w snm the significant wave height. Three dmfrere.to

"seas" were generated and correspond, ncminallyto Sea te a,

4 and 5. bch different sea was used for teste at a dltlrer.'-t

current an given in Table 5. The spectral densitlen are Mhown

in PiGures 11, 12 end 13 along with the Plerson-Moskowltz z;'+c-

trum having the same significant wave height. The wave Jata

,a
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show good agreement with the desired spectrum. However, it

should be noted that the data points represent the wave energy

contained in the frequency band between the data points. If

data points are calculated for more narrow frequency bands they

will show that the wave energy is actually concentrated at the

discrete frequencies at which energy is supplied to the wavemaker.

TABLE 5. - CURRENT AND WAVES USED IN MODEL TESTS

Sea State 3 4 5

Significant wave height H•, ft. 4.91 6.80 13.33

Current Vk, knots* 0.67 1.33 1.99

* Given to prototype scale.

The model behavior in waves was similar to behavior in

calm water. A mean profile similar to those in calm water tests

was assumed after starting the carriage, but the segments oscil-

lated about this mean profile in response to the action of the

waves.

In Sea State 3 the boom segments did not submerge. Water

occasionally washed over segments of the boom in Sea State 4

and did so frequently in Sea State 5. The middle segment was

totally submerged about half of the time during tests in the

highest Sea State. At no time was a segment seen to lift out

of the water.

I
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The drag data for tests in waves are presented in Figure 10,

along with the data from calm water tests. These data show that

the drag is significantly increased by the presence of waves.

In all other respects the drag in waves is similar to the drag

in calm water.

Data were taken from a frame-by-frame analysis of motion

pictures to determine the boom motions in terms of angles of

roll y, pitch A, and yaw a between adjoining segments. The

significant values of the angular motion amplitudes were found

and are presented in Figures 14, 15 and 16. It should be noted

that these angles represent the average angles for a complete

segment length and should be divided by the segment length to

get an angle per unit length or curvature.

Model configuration, i.e., center of gravity and weight,

and mooring spacing had no discernable effect on the motions

that were measured. The effect of wave height, however, is

evident and follows expected trends, e.g., higher waves cause

greater motions.

4. COMPARISON OF ANALYTICAL RESULTS WITH MODEL TESTS

4.1 Static Tests

The "static" program was used to generate data for an

oil boom with all input parameters corresponding to those in

(calm water) model tests numbers 1, 2 and 3. (See Tables 2, 3,

and 4). The computed and the experimental values of drag co-

efficient are compared in Table 6 and the steady-state boom

geometries in the horizontal plane are presented for comparison

in Figures 17, 18 and 19.
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TABLE 6. - COMPARISON OF MEASURED AND COMPUTED
DRAG COEFFICIENTS

Model Test Froude Drag Coefficients, CD Difference,
Number Number, FD Measured Computed percent

1 0.236 0.215 0.214 0.5

2 0.157 0.240 0.221 7.9

3 0.075 0. 275 o0.250 9.1

The computed results show, in general, good agreement with

the model experiments. The computed drag coefficients agree

within the accuracy of the model measurements (see Figure 10).

The computed boom geometries compare favorably with the model

measurements, again considering the accuracy shown in the model

tests (Figures 4 to 9).

4.2 Dynamic Tests

The "dynamic" gram was applied to give statistical

values of pitch angle A and yaw angle c between two points on

a continuous boom. The longitudinal separation between these

two pointsis just AL, (Ax in Equation(D-19))the link length of

the model boom. The input parameters corresponded to those of

model boom "A" in all other respects.

The calculated significant values of pitch and yaw are

presented in Figures 20 and 21, respectively, as functions of

significant wave height with contours for relative heading

angles of 0, 30, 45j, 60, and 90 degrees. It is interesting to

-- ~.



HYDRONAUTICS, Incorporated

-32-

note the implications of these curves. First, the pitch ampli-

tude is zero at the 90 degree heading and maximum at 0 degrees

while yaw amplitude is zero at both 0 and 90 degrees and maximum

around 45 degrees. At 90 degree heading (beam seas) the boom

moves in heave and sway but does not bend in either plane. At

0 degrees (head seas) the boom contours the waves with heave and

pitch but has no motion in the horizontal plane. Second, yaw

and pitch increase with increasing wave height up to some

limiting value. The limiting value, a function of boom heading,

is related to the maximum slope that can occur (discounting

breaking waves) in the sea.

Unfortunately, model test data do not represent any parti-

cular heading angle. Nominal values of heading angle were found

to be 60, 45 and 15 degrees corresponding to model test data at

significant wave heights of 4.91, 6.80 and 13.33 feet, re-

spactively. Calculated values of significant pitch amplitude

and yaw amplitude for these parameters are shown along with the

model test data in Figures 22 and 23, respectively.

The agreement between calculated and observed boom motions

in the vertical plane (pitch amplitude) is quite good. However-,

observed yaw amplitudes are roughly twice as large as those cal-

culated for the horizontal plane. Two important factors help

to explain the apparant disparity in the relative agreement be-

tween measurements and calculations in these two planes. First,

waterplane area has a large effect on motions in the vertical

plane but virtually no effeot in the horizontal plane. The

.I
F9--



HYDRONAUTICS, Incorporated

-33-

waterplane acts like a spring in the vertical direction and

tends to force the boom to follow the contour of the passing

wavetrain. In fact, the waterplane can dominate all other

factors in the vertical plane. Hence, "limber" booms, regardless

of other design details, tend to identically contour the sea. In

the horizontal plane, on the other hand, factors such as virtual

mass, damping and tension tend to have a relatively larger

bearing on boom response to waves. Second, and perhaps more

important, the assumption that the behavior of a section of an

oil boom can be approximated with an element in a straight and

infinitely long (one-dimensional) boom loses validity in the

horizontal plane. The oil boom model, under tow, exhibited a

characteristic U-shaped geometry in the horizontal plane whereas

in the vertical plane the boom is, indeed,a straight-line (in

calm water). In light of these two factors,it is not surprising

that agreement between the model tests and calculations was

better in the vertical plane than in the horizontal plane.

Statistical values of boom height relative to the wave

height (immersion) were also calculated for a boom with param-

eters corresponding to those of model "A". These results indi-

cate that this design would never become immersed. Model ob-

servations, on the other hand, showed some Immersion in Sea

State 4 and fraquent cases In Sea State 5 where a wave crest

would pass over sectiona of the boom. This analytical method

does not account for the effects of boom curvature and "choppy"

or breaking waves on boom Immersion which may be Important con-

siderations for oll containment.

qW
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5. SUGGESTED METHOD OF USING COMPUTED
DATA IN APPENDICES A AND B

The data in Appendices A and B are in dimensional form.

The input parameters were chosen with the U. S. Coast Guard to

have a range that would be useful in assessing boom designs that

are currently under development. Thus, booms with dimensional

parameters similar to those used to generate the data may be

treated directly. However, booms having grossly different sizes

may also be treated if their non-dimensional characteristics

comrare with the corresponding non-dimensional input parameters

(see Equations O)through(ll)and Table 3). In this case, the

computer output data must also be treated non-dimensionally to

obtain the proper scale factors.

To illustrate a method of using the computed data, an

exanple problem is presented In the following paragraphs.

GIVEN: A boom with the same characteristics as con-

fig'ration X (see Table A-1) in a 40-knot wind, 1-knot current

and 10-foot waves; total length - 100 feet between two moorings

spaoed 80 feet apart and oriented 90-degrees to the wind, cur-

rent and waves; Young's modulus of boom cylinder material, E -

1000 psi.

FIND: Average mooring loads, average stress due to

bending at the middle of the boom, average roll angle of the

skirt at the middle, maximum expected stresses induced by waves,

significant away amplitude, and maximum relative submergence.

Ii
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ANALYSIS:

(I) The results of the model test drag data suggest

;he drag in waves can be estimated from the calm water drag

ted by a factor which accounts for the effect of orbital

fties: 2

ww

D drag in waves, lb

D = drag in calm water, lb

c = empirical constant - 0.42

=ma frequency of maximum wave energy, rad-sec-1,

i V - current, ft-sec"hi. W

ft er way of looking at Equation (14)is that the term

cH* coma is an effective current - Ve so that

2

*Dw D 0  ) (15)

"i a , problem, - 10 ft and:

2r
(from Sea State tables) mProm

'ma Period

iJ •!!

1'*~'max
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Thus,

Ve = (1)1.689 + 0.42 (10.)0.71

= 1.689 + 2.96 = 4.65 ft-sec-1

= 2.75 knots

No data are available at 2.75 knot current; however, the values

at 2 knots may be extrapolated using the ratio (2.75/2)2 = 1.89.

The tension at the ends of the boom for 2 knots (from Test No.

X-0-2-90 Appendix A) is 3420 lb. Thus, tension due to a 2.75

knot current in 10-ft. waves is:

1.89 (3420) - 6450 lb.

Now, add to this the tension due to 40 knot wind (Test No.

X-40-0-90) - 170 lb. to get: average mooring load - 6620 lbs.

(2) The steady state bending moment for this mooring

condition is seen to be independent of wind and current. M - 20
ft-lb at the middle of the boom. The fiber stress due to bending

In the 2-ft. diameter cylinder is given by

• - z psi (16)

where

C a distance from neutral axis to the outermost

fiber, in.

Z - section modulus, In3 .

V .
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Thus,
103(2o 12)12aI =

105
-29 psi

Note that in this boom design, tensile loads are supported by

a cable at the bottom of the skirt.

(3) If we assume that roll angle varies linearly

with drag, the average roll angle at the middle of the boom can

be found using a method analogous to part 1., i.e.,

e = 1.89 (27.5) 4- 3.2

= 55 degrees

(At the ends, the average roll angle decreases to about 22

degrees).

(4i) From the planview of the boom in Appendix A we

might assume that the most severe bending due to waves will

occur near the ends of the boom. Hence, choose 45 degrees as

the heading angle for dynamic data in Appendix B. The average

tension (6600 ib) is outside the range given In the tables, so

extrapolation must be used. The following table lists the

parameters of interest taken from Appendix B.

- ....
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Heading Max. Bending Mom. Max. Sway
Angle, Tension, ft-lb Immersion v

Page deg. lb. Vertical Horizontal ft. ft.

B-176 30 0 80.5 72.5 0.28 2.49

B-177 30 2000 28.7 53.3 0.91 2.50

B-178 30 4000 19.0 43.0 1.25 2.51

B-179 60 0 38.7 62.3 0.26 4.31

B-180 60 2000 20.6 45.5 0.49 4.32

B-181 60 4000 13.1 37.3 0.74 4.33

Extrap-
olated 45 6600 11.0 23.0 1.25 3.41

Note: The extrapolated values in this table were obtained
by first interpolating between 30 and 60 degrees.

A conservative estimate of the maximum bending moment is

obtained by taking the vector sum of bending in the vertical and

horizontal planes:

M - )- +(23) 26' ft-lb

Using Equation (6),obtain the maximum fiber stress induced by

waves a - 37 pal. Add this to the maximum steady state bending

stress to find the maximum expected fiber stress 0ma - 66 psi.

"-"m
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The significant sway amplitude is 3.4 feet near the ends

of the boom and 5.0 feet (page B-183 ) at the middle.

The maximum immersion is estimated to be 1.25 feet. This

is greater than the available freeboard (0.87). The correspond-

ing root-mean-square immersion amplitude is 0.38 feet. Probability

theory (assuming Gaussian distribution, Ref. 4) predicts that a

boom with this immersion amplitude and freeboard will be sub-

merged at any given point less than 0.01 percent of the time.

However, the model test data indicates that the dynamic program

underestimates immersion in real waves.

6. CONCLUSIONS AND RECOMMENDATIONS

The work done in this study shows the feasibility of de-

veloping a realistic mathematical model to determine loads and

motions of an oil retention boom in a seaway. This model should

provide useful data to aid in the design of oil retention booms.

However, both the static and dynamic models are limited in their

range of application because of the nature of assumptions made

In developing the models.

The static model is the most general and includes the im-

portant non-linearities. It is, however, limited to booms

which can be modeled by a continuous elastic beam. Since many

proposed boom designs are composed of a number of relatively

rigid segments connected by limber joints, it is recommended

that the static model be extended to cover this type of boom.
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The linea•,ized dynamic analysL is the most severely limited

because of the restrictive nature of the assumptions that were

made. In particular, it was assumed that at any point on the

boom, the wave induced motions and loads on the boom would be

statistically the same as those on an infinitely long, straight

boom with the same mean tension and orientation to the sea. It

was also assumed that fluctuations in tension from wavesare small

compared to the mean tension. The experiments in this study

indicate that neither of these assumptions is well Justifies

and, in fact, under conditions of large seas and little current,

these assumptions may lead to considerable error.

The linearized dynamic analysis also does not permit charges

in hydrodynamic and hydrostatic coefficients which result from

a local change in boom immersion. These changes are important

in determining the performance of the boom in large seas where

the response is highly non-linear and they are vital under con-

ditions where the boom might be completely immersed in a wave

crest or lift clear of a wave trough - important factors to

establish, since either will permit the escape of oil. Probably

the greatest limitation of the dynamic analysts is that it pro-

vides no Information on fluctuations In tension.

These limitations can be removed by conducting a dyrwmic

analysis In the same manner as the static analysis is now done.

This can be accomplished within the framework of the current

static program. With this method, each iteration would represent

a small Increment Jn time. Suflc:vnt Iterations would be
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carried out to provide an adequate statistical sample. It is

recommended that such an analysts be carried out if" more ',e-

tailed results are desired.

The model tests conducted in this study show that oil boom

behavior in a seaway can be realistically simulated in a towing

tank. The greatest difficulty with model tests is perhaps con-

nected with the ability to construct a model with the proper

bending characteristics. Analysis of motion data from tests

in irregular waves is straightforward but very tedious. How-

ever, tests may be conducted in regular weves to obtain the

motion response amplitud.e operators, RAO's. The RAO's may then

be used to predict the statistical motions in any desired wave

spectrum. Bending moments can be predicted from the motions

(curvature). Tension at the ends of the boom can be measured

directly. Stereo photography might be proposed to obtain the

heave response of the model. It is suggeste, that model testing

be cons'dered for further development and selection of the
"optimum" oil boom.

Je



HYDRONAUTICS, Incorporated

REFRENCES

1. Sokolnikoff and Redheffer, 'Chapter 9, Numerical Analysis,"
Mathematics of Physics and Modern Engineering, page 687,
McGraw-Hill Book Co., New York, 1958.

2. Pode, L., and Rosenthal, L., "Cable Function Tables For
Small Critical Angles," Supplement to David Taylor Model
Basin Report 687, September 1955.

3. Michel, W. H., "Sea Spectra Simplified," Marine Technology,
5, No. 1 (1968).

4. Wong, K. K., "Coupled Response of a Float-Supported Aircraft
in a Seaway," HYDRONAUTICS, Incorporated Technical Report
513-2, May 1966.

5. Hsieh, T., et. al., "Rough Water Mating of Roll-On/Roll-Off
Ships with Beach Discharge Lighters," HYDRONAIJTICS, Inc.,
Technical Report 636-1, July 1967.

•-•,



HYDRONAUTICS, INCORPORATED

FO1

FIGURE 1 - VIEW OF MODEL SHOWING DETAILS OF CONSTRUCTION
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FIGURE 2 - MODEL DEFINITION SKETCH
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a. CALM WATER

b. WAVES

FIGURE 3 - TYPICAL PHOTOS OF OIL BOOM
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TOWING CONDITIONS
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FIGURL 4 - STEADY STATE (CALM WATER) OIL BOOM GE0OM Y FROM MODEL TESTS;
MOORING a FIXED, NOMINAL. CURRENT w 1.99 KNCTS
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FIGUIRE 6 - SIT.ADY STATE (CALM WATER) COL OKOM GlEOMW1Y FROM MODEL TESTS,
MOORING - FMD.E NOMINAL CUIENT ,, 0.46 KNOTS
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TOWING CONDITIONS

MODEL TEST FD

A 6 0.2280 Ii)

B 17 0.2370

C 30 0.2400

D 42 0.2460
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FIGURE 7- STEADY STATE (CALM WATER) OIL IIOOM GEOMATU1Y FROM MODEL tESTS;
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LEGZ',ND INDCATES

B-4
BOOM MODEL "B"; MOORING 7-8 *
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FIGUit 16 - SIGNIFICANT YAW MOTION IN IftlGU.AI WAVES
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FIGURE 22 - COMPARISON OF CALCULATED AND OBSERVED PITCH MOTION IN IRREGULAR WAVES
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APPENDIX A

STATIC OUTPTJT

Oil boom configuration parameters for input to the static

program were selected with representatives of the U. S. Coast

Guard. Twelve sets of oil boom physical characteristics were

chosen and are summarized in Table A-l.

Four mooring conditions were investigated for each con-

figuration. In each, a 100-foot (L = 100) length of boom is

fix-moored between moorings spaced 80 feet apart. The moorings

are oriented at 0, 30, 60 and 90 degrees to the direction of

wind and current. The mooring angle is defined as that between

the wind and current axis and a straight-line between the two

mooring points.

Eight combinations of wind and current were investigated

for each configuration and mooi.lng orientation. These are

summarized in Table A-2.

The computed calm water data is presented in graphic form

in figures which follow. Each figure has a coded title which

identifies the input parameters. For example, "TEST NO.

IV-,19-2-60" corresponds to Configuration IV, Wind m 29 knots,

Current - 2 knots, and Mooring Orientation - 60 degrees,

respectively.
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TABLE A-2. STEADY STATE SEA CONDITIONS

Wind Current
Configurations Vw, Vc,

knots knots

I, II, V, VI, VII 0 2
and VIII 15 0

17 0 and 2
20 2
22 0 and 2
40 0

0 2
III, IV, IX, X, 20 2
XI and XII 22 0 and 2

26 2
29 0 and 2
40 0

S... ... . .. ... ... .. 2 • i r rT ll I T •
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The steady state boom geometry is shown in plan view

(labelled profile). The X axis is parallel and the Y axis Is

normal to the wind and current direction. X and Y are non-

dimensionalized by the boom length, L.

The force, moment and curvature are plotted as a function

of X, the length measured along the boom axis (not the same

. as in the plan view). The length is non-dimensionalized by the

total boom length, L. The points X/L = 0.0 and 1.0 are at the

ends of the boom where the former is the end which corresponds

to the mooring at the origin in the plan view.

Three different lines are used to delineate forces, moments

and curvatures along the boom in three directions:

TABLE A-3

VaialeAxial Normal ITangential
Force Tension (T) N-shear (SN) T-shear (ST)

Moment Torque (Q) T-moment N-moment
(MT) (MN)

Curvature Theta* D-beta D-phi
(e) (Ls) (®

Note: Theta is roll angle and not a curvature.

These directions and variables are shown in Figures C-i

through C-3.

e
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Each variable has been divided by its absolute maximum

value (along the boom) so that the ordinates of the plots vary

only from -1.0 to +1.0. For example, in Test No. 1-0-2-0

tension is divided by 0.3140 E 05. This corresponds to the

ordinate of -1.0 at X/L = 0.5. Thus, the (abso:.ute) maximum

tension is -0.314 x 105 near the middle of the boom, i.e.,

31,400 pounds in compression.

Each figure does not include all of the variables listed

in Table A-3. Those variables which have zero or inconsequential

values are generally not included.

In all cases the boom was represented by 10 elements and

the loads and positions were calculated at the Junction between

each element and at the boom ends. In cases where the mooring

angle is small the computer plots appear kinked at the down-

stream end. This is because the computer drawn plots are

generated by simply drawingstraight-lines between the computer

points. To obtain intermediate values in these cases it is

Justified to fair a smooth curve through the computed points.

Some difficulty was encountered In obtaining a convergent

solution for the most limber booms at a mooring angle of zero.

The resulting data for these cases is somewhat less accurate

than forthe other mooring angles. However, these data still

provide the correct level of loading and should be satisfactory

for structural estimates.

"*me. e
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,. ,0.8lo 0.0-"' "

S0.1 0.2 0.3 0_4 '0. 5 0.1, 0. 0.6 0.9 1.0
.... . ,- 7ML ...

TENSION/0.30500E 0- N-0H7':RR/0.2620L M•
0.11

0.2 ...

- . 0.6- 0.6 1.0 3 0.1 0.2 0.3 0.4 0.0 0.6 0.? 0.8 0.3 1.0

-0.2 1.0
T 410nENT/c.63iGE Cfl

p -0.4

i.0

0.9.

-0.6 t 0.1 0.2 0.3 0.4 0.11 0.E 0.? 0.6 0.11 1.0

-1.0 "I .101/.65•o

PROFILE

-. .. -...... ... ~NOi.•L
TFCT N'. 20 " 2 ?0

HYDRONiUT[C'j, INC
1.0 F'

0. -

0.. C.6 /. C.1..

F-. .. . .. . .. . ..-

0.4

• 0.* 2

0.0 rA -- I"- -

0 .. : 0.1 0.. r. c.? .. .
. ?YLX/L.

0..2

0.0.4 M U. ."01 .

MAIAL.



HVORONMIUTICSINC

1.0 1.0

S0.0 I I I _ I I I I I I I I

/ 0.1 0.2 0.3 O.- E0.5 O.b 0.? 0.6 0.9 1.0
0.6 -. -L

7 TENSION/O.3050E 05 N-SHFlR/O.2620E 0G5
0.4

01.00.2 9 ,. -.- ...... .. .. . .. " ,

SOO u{ 0.0 ' i I 1 , ' J J .1 L, .. I , r ! ... .J

0 O. 06 1 0.1 0.2 0.3 0.4 0.5 1.6 C.? el.6 0.9 1.0X/L i I

-0.2 -1.0
T -mOmENT/0.8310E UJP

0.0.
0..0 0.1 0.2 0.3 0.' 0.5 0.' .? 0 u.6 0. 1.0

-1.0 *1h0
SP/.59-01

PROFILE

........ .J-NOQmAL
TF5T NO. 1 -1.-? ."~i..... ;?;";:•

HYDRONPUTICS,INC

1.0 . -. -. . -. . -- -.

0.6

0.. * 4II
>1 .. 0.1 0, 0.1 0. 0 0.8 0.9 1.0

1.0,

0.0.9

-0.6 - . . !1 •i 01 01 1" $ . .

I o a . o.s o.,• o.o o.. a.', o.a o.i! a.o

X/L
.O. - 1.0 L

I a Iodpr"1", ,
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HYDRONCIUTICS,INC

1.010 , ' ...

0.8 • ~~0.0 I I I I I I ) ...T I I

0.6

0.0

TENSICN/0,M990E 09 N-StE.R0/O.2)10E O1
0.11

I.0
0.2 9 -.

0.0 /L0.5 ~L
0.2 0. 0. C 1.0 . 0.1 0.2 0.3 04 0. • .M 0.? 0.o 0. 1.0

-0.2 ,,E 1.0/
T m Cm rrE T'0.63 20L. Ue

.0.,1

-CI-

.0.80.0 Li. .~ I I I-(], ______. ______ 1 _ .._-_ L J_ ._ L.__ __ L. 2.. ,
-. / 0.1 0.2 0.3 014 0.ý 0A( 0.; 0.; M0.• 0

4 .0 1.0 03 .PI'C.26jqE. Ui

PROFILE

"TrST NO. 1 .l

* 'WCOMOUTILS,!NC

i~ L
O~~l ; •j.. , . . . . .

J 0.,4
L .a... .) "i." 0*e.-I

OX-/ L X ...

V-i

*' 1 *

, Lb o, . • . * , ,u ... . .. . .. . . . . = ,-
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HYDRO8J:UTICS,INC

1.0 1.0

0.8V 0.0-*0.• •~ o.o1 I I 1 I .1I fI j ,' I ! I _ ._

SXli 0.2 o..3 oA. 0o, 0.6 0.? 0.a 0.9 1.0

0.6 - , , ...- X/L

TENSION/0.314[E 01 N-SHCR/0.2100E 01
0.4

0.2 * , - I -.,+

060.2 o., 0 .6 1.0 0.1 0.2 0.3 0.,J 0. . Q.,.? 0.6 0.2 1.0

-0.2 .X/L

T1-mrOIMNT/CG•320E 06

.0.1.

PR F L 0.0 FW/." "- 01

1.0 14

* .0 * 1 1 I I.0

1.0 .0 l. 0.2 0.3 0.IJ 0.! 0.6 - 0.? 0.6 0.? 1.0

P•OF1LC

i.a 1.0 F

0."

7Ctce046 0¶ B!ij0fl

fIl, Oli•t tlll#Oi' '

So.a r", • ,. . . -+• . . . . ,

XLL X/LO~t I -,i

0A' I.~ * •%

"A I A- - - -L +

t +. / . .I:L...
0.4 '._ t 0.,4 C.1 ýA 9 .1 C.? 1.

I...... s' ' . i, 411 • 4

Ytj* " +, . *, *: ' -*.. .... . ,,*llm

SI
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AYAOIJTCS,1NC

0.10*. I •0.

S' I . , l I I I l I I I ," " .I I I I I I

U.1 0.2 0.3 0..q,[ 0.5 0.6 0.? 0.8 0.9 1.0
0.6 :: "

TENSION/O.260C 05 N-SI.ER:IO.2390 0M
0.21

0.0 0.0. 0. ...-. . ..

0.2 0.41 6.6 0.8 1.0 + 0. 0.2 0.3 0.11 0.5 0.6 0.7 0., 0.9 1.0
X/L X/L•-0.2 -1.0 1

. -1.0
T-(MMUICT/0.0320E 06

-0.11

0.0 r. - .-..- - - - - -"

-0.8 0.1 0.2 0.3 0.4 0.5 06 0.? 0.8 0.9 1.0v0L.

PROFILE - - - --...A. IAL

.. .. ..... .J 11C:rI

TF5T NO. 1 -0 - . - FOR

0.1- .0

0.8'. _________________ .____,______ I__ .,____ ,,.

S-. .. .... 6,."++ X/L

0.,4

1.0

h, . . . . .

> L 04? 0.4 0.A 0. 1.0 t0.1 0. 0.) 0.4 0,1 Oh 0. ) 06 0.9 h.
"X/L X/L

,Ohq r

. M, ...... . 0.. 0.1 1..

°++ i ' * " °',++ + " °+ "

I
X/"

T S 'N. ... _li j -



NHOMPT1S,IIC

2.0 1.0

0.1 0.2 0.3 0 14.- 0. 1 04. 0.7 0.8 0.9 1.0

T'EiSiOW1/O.2weO 09 P-S1.(I/O.2NM 05
0.2,

~0. 0 0.01

0.2 0.4 0.b 0,. .0 0.1 0.2 0.3 0.4 0.5 04. 0.7 0.6 0.9 1.0

-0.2 -h0 X/LTCT083[I

T-I0O.INT/0.632C 06

X/L 0 0 0.
•0o.a o.10.2 o., o~g o.s 0.6 0.7 o.a 0.9 h

D-4Ipi0.611c -01
PROFILE

_. . .. . .. .J qft•

TFCNT NIO. 1 .2 2 FO

1.0 r- ..hO .0,t- * i. . . .¶ ..... a...- p .. ..

0.! 0.- 0.3 C. 0. a. - 0. 0.1 1.0
*-..- XIL

1.0

s t t, . . + .+'.: o, . . . .

0.*

0.2 Oq 0.i 4.6 0. h 1.0 0. 0.2 0.) 0.14 6.5 0.6 V 0.4 1.3 1.IX/L X )/!.

S+_X/L
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wmmwrrcs,INc

1.0 1.0 .......

0.5 .' 0.0 j I I i I .- -.•

S0.1 0.2 0.3 0 j., 0.1 0.b 0.? 0.8 0.9 h.0

.6..... .. X/L

e1.g0.2IWO2< 05N-E /.I.G
0..

___.__0__0_________________I__i____ - L. 1.,L. L........L-L L .. I J. .L•

0. 0.-00.. h 0. 0 . 0.C 0.9 1.0

X/L X/L

OhT m iN'/o.8320E 06

-0.4'

0. 0 _ +L . , , _L -. L_.4 .1_.L..• J-. .J

-0.. - I0.2 0.3 0.g 0.! 0., o0. 0.6 0.9 3.0
X/L

~3.0 c FNIIC.26W 03
-2fLPR•OFILF ..... ,m

TrC'T 410. 1 r,.9 •• . . • 'P'

3.0 - I,.

"1.0 i.
e.6

> ..

OF~ ~ ~ , -ý-ý
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.0 1.0

0.6 0.0 1 1 1

0.1 0.2 0.3 0j.ý 0.5 0.6 0.? 0.8 0.9 1.0
0.6 -... .

1TESIOMN/0.313C 0( N-SIEAR/0.2'1]0 05
0.4

0.2 0. . ." . . .

"1.2 0.4 0.6 0.8 1.0 0.1 0.2 0.3 0.4 0.1 0.6 0.7 0.8 0.9 1.O
XIL 0 XIL

-0.2 -!.0
T .MOOCUT/o,6320 06

-0.4

1.0

-Oh t
o,• F _____ ......... - -.--

-0.8 0.1 0.2 0.3 0.04 0 0 0.?• .4 0.9 1.0
x/L

"]O.i .
01.0•1.0O

PROFILE

TrCNT kl. T - - q . . . .

WMOWAICS, IW

1.0 Ile-

o.e • ,:""I.: ~*~ . ,

S| 0.1 c.a o.) O' 0•1,* 0• 0 0.1 0,# 0.1' 1.,5

1.0 1-.-.- -. 9. 9 .* .- U0..

1.0[. . . .. .

0. . 0.;L 0,4 0 . 0. v 0.6 0.9 1.9
X/L
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W&W$WICSINC

1.01.

0.80 i - I I

| ., 0.2 0.3 O.. - . O. 0.? 0.. 0.9 1.0

O~q~hO! ", , ,..+
-1.0 L.-- -- -

TENSION/0. 2"0M 05 N-..4EARIO/,2510 0
0.'I

0.29 -

F
> 0.2 C.A 0. 0.6 1. , 0.1 0.2 0.3 0. 0. 0.6 0.? U.6 0.9 1.0X / L ,I >- ,/*L .

-0 02 .- ,.6 ..
T m•.MeNT/c•.320E 06

-0..d

-0.0.

-0.8 0.1 0.2 0.3 0.4 0. 0 0. ? 0.M 0.9 1.0

-1.0 c. VLIIM cC +P1,10.2059C .0

PROFILE

TFrrT NO. ! 0 -in+0. .. _ ,,•

-lwGCJlCNAr C.!NC

o.1.0

0.1 0.4 0.1 0a..' -- 0. 0.1 0.• •.) 1..
0.1'i. r • ." "

0"+ I~~~~~. j.. ............. ., oDU.;IY 0. O4O/.l 0,

1..
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!II

7 " '.la1.0

0 .A I I I I
0.0 0.1 0.2 0.3 0,0.-"0.. 0.6 0.7 0.8 .'l .i i..

0.61.-

TENSION/0.2WI 05 N SHCAI:/0.251D 05
010

I I ' I I i I I I l I " I'

0.2 0.4 0.6 0.8 1.0 0./ 0.2 0.3 0.4 0.5 0.6 0.? 0.8 0.9 3.0;X;I ~i I ;>,/L
-0.2 -

T .MoIfNT/0.632C• 06

-0.'40.oo -oi. .. .. . ... . - - -

•0.6 o 0.1 0.2 0.3 0.4 oM o.r 0.? . A8 0.9 1.0

0 PHI/0.20W 01
PPOFILE

TE'-T •O. 22 2 r .

1.9 1.0

0.4

. 30 0 0.2 0.3 0.- 0.! .. 0. . 0.. 3.0

:. X/L

0. 0, 1 O .0 O.3 1.0 0.1 0.4 0.1 0.4 O0. 0 .6 0,* 0.6 0.9 1.0

0.6
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I4YORONRUTICS,INC

.01.0 1.0

0 ..8 -J -(
•; 0,0 .Li L a i.iJ,'L 4 __ LL WJ 1J • _._

S0.1 0.2 0.3 0.4 - *o 0 0.6 0.7 0.6 0.9 L.0

0.6 " - -

-1.0 "--TENSON/0..3i'E 09 N -SWE'R•/0.150E 09

0.0

6o.0 _.L.__L.. .a-. 0.0 ~.!r' LLJ J i,_ _.JL..J___.J . i, i i

A 0.1 0.3 0.4 0.5 0.t 0.. 0.6 C.9 1.0
E X/L. ~-0.2

.~ T-MOMENT/0.8320E 06

1.0

S0.0 - i i I I I I I I
-0.6 ".1 0.2 0.3 0.4 0.5 0.6 0.2 0.6 0.3 1.0

of 01 02 . . X/L

-1.0 1.0-I.0
0 PHi1/0.2599r -01

PROFILE-
_A.......XAL

S. -....... _Normal

T71-T N,9. i 2 _____r, rlTWL

HYORONRUTICS,INC

1.0 1.0

0.8 "
Iw 0.0 . II

o.1 0.2 0.3 o 0. 0.E. 0. 0.6 0.o 1.0
0.6

TENS1ON/0.314J0 05 N-SHERIR/0.2560E 05
0.4

. . 0.2 0.3 ^.4 0.9 , 0., 0o8 0.9 1.0

0.2."
-1.0 T mImtNTO.83T 06

•0.'l

0.1 0.2 0.3 0.4 6.8 C.6 0.? 0.i 0.9 1.0

0 PiN1/0.~iL 0l1;
P•OFILE

rE3T NO. 15 2 ......... . IrL

* *-*, . * *~*i.'U V. U~ft !.W



VI

TENSICPJ/0.314CE "I %-Sý-ER-/C.;2,CE 0!•
0.4 I .8 iS G.

i ___..i-.L.... -llCMEN-,C.a32CE 2+

0. C." 0.3i 0., i I.t , 3.1 0. M

10

;,6. w. 0. 0.6

0.6

0.2~

0. P- FIL

_,_, L~.L . .. ;.:XI;

T crNENUTC.32,E 06

-0.6

1.0 I.0_

AXA

T[ W,,3'.0 10'.5 .2-8C"0,

0.2

I I I I !

- . 0.,2 0.4 0.6 l.r8 1. o.1 0.2 0.3 0.4 0.0 0.6: C.?' 0.0, 0.9 h

01 .1 0.2} 0.3 I;.4 0.5 0+t0 +:.? 0.8 0.1 1.0

T[ 'YI NOP. i ,I t .... ;•['•
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1.0 1.0 . ..

0.6 --
0.0 I I I I I I I I I f I I

060.1 0.2 0.3 0. 6 0 .? 0.6 0.9 1.0

TENSION/0.314JE 01 N-SHE R/0.2610E 01
0.1

0.2
0.O J I J J _._ • • 9. ___1"______ J_._____ _ . 4L__ .._ _ L___.LJ__ J._ _ LLL:.

.0.. . . i.0 0.1 0.2 0.3 0., 0.5 0.6 0.? 0.6 0.0 1.0

-0.2 *'

T -mOmENT/0.6320E 06

-0.4

0.0

-o~ r"""

0.0 ,,0L2 0-3 I.I I I.-. .LL L ,I

0.0 0 0. 0. 0.6 0.? . .
1. PHT/0.2•P -01

PROFILE

TFr' T P,'. !T Tr 0 .. r,['f;"rT

4V•DPONUTIC5,!NC

1! -1 -. ,- m 9b 01 C 1

T0NSION/C0 014 01 N -! ,1Q/ .0 E L. . L L W0.i M 0.6 0.? .6 0.. 1.0

0. "0"

1.0i.0 0

POD

Tia fIa o0 . 0.9, 0.11_ ,_ . 6.0,.? 0. L 0..

0.6 ;• '•• '. . " . •• ." :• ',• "

0"\ 02 oq fb .. , . O.Z 0,3 0.'i 0.', 0. 0,) 0.4 0.6 1.
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'4YORONRUTICS, IC

1.0 1.0

0.6
060 0.0 I I I I ! I I . - - I I I I I

| 0.1 0.2 0.3 -0. [. 0.? 0.6 0.9 1.0
0.6

TENSION/0..13i0E 01 N-SNEAR/0.2610E 01
0.4

0.2 0.2 0.-90

S. . 0 .6 . .. 1 0.2 0.3 0.14 0.1 0.6 0.? 0.6 0.9 1.0

-0.2 E
T -mOmENT/0.0320E 06

0.q

1.0

-0.6 •• , , " ' .

0.01
0.0.I I I ! I I .L._ L.. ..

-0.6 . 0.1 0.2 0.) 0.4 0.5 0.6 0. . 0.9 .

-1.0 -1.0
C PkI/0.2879L-01

PROFILE
-. .. ... .- X! L

- . ........ _NORMA1L .

T~rl'T NO. TT 22 -2 0

I4ORONRLMICS,INC

1.0 1.0 ----------

0.6 "
SI o• o., 0.1 U•. -" 0.6• . ? o . 6 m. 1. 0 .

S0,q T[N5ION/0.314DE 01 N W R.M••:/0 EI[ 01

* 0.2 1.0 r - -*~...I.L.hO .L.& ,I I

1.0

1-4-A-C÷ A

0.6 ,- / .1 o. 0.. , 0f 0. 6 0. 0 1. o

-. C •0 pm: %. Ii Ci

ITST NC.. :i #j.



1.o 1.0 . ... ,

0.6

I-I

O~ o. . . n X.. ..- ' / . .L0. .O. .

•.0.6 io oj I I I ! I i , OO "I I I I I I I I.~ I I I I. I I I I "l'
ITNSION/0.~30DE 09 N -SRECA/0.2650E 09

0.11

1.0

0.2•7ET0.300.0
-0.2 0.0., 0.1 0.2 03 0 .1 Os0 06 0.? 0.6 0.9 1.0

*i 0  X;/L

-. 2DP 1/0.Z65* Cl

PROFILE

-F . . . .. Pin.-!

I4VORNRUTICSCC

h1.0 ..- _._....

0.6 *.

?Ij0.1 .301 . 01 0. m .
OYIL

J 0.5 0-0 ' * I I

1~ .5 I0 [ . 0. 2 0a .1 o.' 0.3 0.6 0)P 035 0.9 1.0SX/L

0.0 . A'"!-
.6 10- I .1 o IRA, 01 o 0.- o. C.IA 0.? 111A o.9 1.0
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1.0TCSII 1.0

0.0 ., 0.2 0.3 o04.-0. 0.6 0.? 0.6 0.9 1.0

1TN-I---" N-SWEA/0.2 0I

0.5

0..

,0 0. I'" I I, I I, I iI I I I

0.6 0.8 1.O 0.I 0.2 0.. 0.4 0.0 0.6 0.1 0.8 0.9 3.
X/L X/L

0' 0o4 0'

Tr -MOWfT/N70.32K 06

.Oi.0

0.6 1 "

"*0.6 [ 0.1 03! 0 .M 0.6 a.? OA 0.9 1.9

4.0..

PROFILE ~.

Tr~ Ki. TT n

'VWOiOeUTIESIC 3

I" r _-.... ..-..-.---.. .- i

r . 0 .0

I

0.3 0.1 0.1 0Ai. 0.01 0.o 0)1 0.6 0.9 3.0
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O4YMOiJrICS,INC

1.0 1.0

00. i I l I I . I'--

0.2 0.3 .,0.,4 15 0.6 0.? 0.6 0.9 1.0

0.L - XIL

IENSIOJ/0.3030C 05 N-SF4CAW0.2650C 05

-0.2 -/.0
T -mOITCNT/0.8M300 06

-O.b 0.0

0.0 j '... i C....L. I I I I I.4_I i i -.

-0.1 0.1 0.2 0.3 0.4 0. 0.6 .0.? 0.6 0.9 1.0

X/L

'1.0 DP•41/0.2165• 01

PROFILE

TV"rr NO, N 20 • - 30 .

WYVROO4JUICS,INC

.. ... i. -
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1-o
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lVbO6NAfLICSINC

1.0 1.0

0-8 -
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PROFILE
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0., 0.•2 0.3 0.4 0M 0.6 0.? 0.6 0.9 1.0
0.6 ~-X/L

TENSIOD/0.6260E 03

01.0

0.2 . *''\

,0.0 I I I I L I I 0.0 / L .. L . ; J ...- -I- I- I.,,,,"- """I' " I I I 1

-0.0 /
S1.0 0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 !.a

0.2 -1.0

T -mOMENT /0..3090f 02

-0.4
1.0 * ,-.

-0.6L
0.0 V" -' .&•'A _P__J.LL.1- P j- _ 1• I,, li I I I

-0.6 - 0.1. 0.2 0.3 0.4 0.5 0.T6 0.? ,"- 0.9 1.0

1.0 X/L I \ .I,

HETA/0.3214J 02 0 PHI/0.399KC -01
PROFILE

EST NO. V -20 2 -0 .. TN....TNNTri1.

HY-RON:UTICS,INC

1.0 1.0

0.6O I i i i I I I I

C.1 0.2 0.1 0.4 0.5 0.6 0.? 0.6 0.9 1.0

o.- X/L

0.4

1.0O.00.2 • .-"/ \'

0 . .0 0. 0.2 0.3 0.1 0. 0.5 0.0 0., 0.3 1.0

I X/L

-0.0 L.

.o,.,

I-- ~I --.--. ...- i-- ,.*~~i+ .if" I I 1

TEST NO. V -22 O -00
7-o

• o~, o, o., ,,.



0..0

0. r . ../I I. I * .L . L . £L...... • W ....

0.1 0.2 0.. 0.04 0.5 0.6 0.,' ?- 0.9 1.0

-0 2-4.0 TLia wR T/s. 3690E 02

-0.41

ro. XlL .

-10.1 1 EFU.026 02 - ;mo." 0

TESTh NO.IV 22.2

-0.2 -1.0 .. .

-0.1-

1.0 
. . . .

0.1 C., 0!. 0' 0. 01 -ol 0T/.6qO 0.2 .

-0.-

*0.B I

-0.6 0. .1 0.2 0.3 01. 05. 0A 0.? 0. 6 0.1 1.
X/L 0

-1.0I- \*..

1.0 1 ..0

0.l

F .O0.1 0.2 0.3 0.4 0.5 0.1 0.? O.8 0.0 1.0

X/L

%cm.0 o o0-f~a

4.,I

PROFILE ... ._, .

TEST NO. V -40 .0 .0



-j .j 04 0. .j .? 06 0. .

0.2 0 .4 . 0.6 1.0 01 -. .3 _r 0.5 'v ' 07 . .

0. __ _ __ __ _ __ _ X/L /

-%0.0

0.2 /0' D 0.2 0.3N/.29 0..l

-0.2 6~LN

-0.'i

-1..0

1.0S

m-0. I-
0. 0. . .

*10.0

I~~4 0 02.96 9

PROF ILE

T[:ST NO. V! .l 2 -30



.4YOROWRUTICS, INC

hO. 1.0

0.6.0

o~1 0•0 ....... l ...... l.... I I J ! I I I I I I I I

0 0 0.1 0.2 0.3 0.,1 0.5 0.•, 0 .8 0.9 1.0

oL" X/L
-VNSW WO.12202 02

-0.I

0.2..6 0.1 0.6 0.1 0.2 0.3 0.4 0.5 0.6 0." 0.8 0.9 1.0

XL X/L

-0.• -I0

* T .0m -0 /Ly~ 0

-.100PIOJq 0

PROFILE

TEST NO. V-I?- 0 .3

WYD, IJICSIINC

0.8 .

hO0.2 0.h 0.14 0.1 0.6 o.? i 0 .6 0 i i.0

CA 'X/L

1.60

LBo

U. 8.,6 8., 0. o .) : M , 'q., L .A U ., ,.o

V .N O . . ... . . .. .

m.2 M o~b oi he"O.-i ,.) " ;r-- ". -b 4 .,/ M k

1t540. %j /

PROFL C

ft.O

S*• '-' '.-•',' ' , . • .X/L ..,•....#,./



1.0 1.0

00.0 .I I l I

0.1 0.2 0.3 0.4 0.5 .b C 0. 0.6 0.9 1.0CA• X/L

-,.=J 0.0 a .0 I bSt -

0.2 e.g o. .. o.i'. oA .0.0

X/L X/L \ /

•?.AP102T4.2m 02

1.0

-. 00.

8.6 W51 0.3 eOA.5 6*-m 0.6 e.g$~

PROFILE

YEST NO. V 20 2 -30

. , .0 ...0 . i , •

CA X/L I I I I I I# CA.0 U 6) M., 0A . . U IJ

)VL

4A

L* r). V 22

._.

4.,,

.a.



.0 ..

6. 0.2 6.3 6.4 6.5 .6. 0.? 0.6 6.9 1.6
X/L

6e .0

U6.2 6 .6 .0 1 . .w ... 0 0.9 1g.0 ,s

X/L L/ \. *0 /. v *?*ge*66~
X/L \/

44 T41511516.2flK 6

1.6 w

4.5 -I i -mIIJ.g *S%

*X& X/L "

PRO VILE.L .. .,,
"1L0 L%•

S..6.6 * a * . a a a as a . m a m p a~l

boIx&L6 a 4 -04 0.5 O .S 6.7 O 6 0.0 1.6

6.& X/L

* A * i n , ***

TEST No. v 4 .0 .,

44I l. , . .: . . .. -•

Tin1_._...U



h0I 1.0 -.-.-.-. . •

OO 0.0 • I I I n n I I I I I I I _ ._._.

0.9..t

o.s X/L

7cmsawo/.221 04

0.2

0.0 . .. . .. .

0.2 0.4 0A 0. .0. h:7 .6 0.9 1.0X/L X/L

-0.2

* *0.. 0.N

4.0,
•cm'2 *RO hO " •;a

PROFILE

Trilt,'T il. VI•

NApWIOTIf3,tIC

.00 . . . . , .

01 O .2 0.) 0 .01 o0.! 0!. 0t 0., 0.9 1.')

"0. [ 0. '~ I I ........... I .... ......

M IJ

r "ill
. . .*• . . .. . . . . . . . . .

6.j 0.41 # .A h| l6 0.21 6.1O,. M 1.4•. O6 08 ? 0:6 CA 1hi

XVL X/ ~L .

4.0

`W. r - 61,44,B Lq 6.2 9.6 6) I.d #.1 11.

r S N

- t5?P,- Y , m 6



Fi

-Nmm

W4WftTIL5,INC

1.0

0. 2 .0 .

S0.2 0.3 0.4 0.5 0.5 0.? 0.5 0.9 1.0

to X/L
WMflmM.2.III 02

O- I 'I'

0.1-
5. ~00 II

0. L. . . . 0.3 0.2 0.3 0.4 X/0.5 0.1 0.? 0.5 0.3 1.0

TEST NO. V -0-60

1.0

°' + .I L .... A.... ,
S0.0 • l n I 0.0 -" " I I I I e. I I I I n 1 _"

[ 0.1 0.2 0.3 6.4 0.5 0.6 V 0. 0.9 1.0
$A6 X/L

4.4.-hO L ,

1.0

.0. .A . .: . .: .0:. ..6

X/0 IW- 41L

PROFILE

TEST NO. V - 17 - 2 - 60 ......

ii



HiY~iLNAUTICS,{NC

1.0 1.0

0..0
S 0 0 i I I I I I i I I I 1 I I I i I -

0.1 0.2 0.3 0.,1 0.1 0.6 0.? 0.6 0.9 1.00.6 X /L

0..0 TENSION/0.2290E 014

0. 1.0

0.2 0.4 0.6 0.8 1.0 E T"0°O•,-tL. 0.1l 0.5 0.6 /0.? 0.6 0.9 1.0
X/L r?'•%.

-. -1.0
TOROiUE/0.613CE 01 T"-MOmENT/0.0•0oE 02

-0.6
1.0 ="= •'•=• w• =• =.,., ..

-0.8 T I - -00- 0.1q 0.5 0.6 0.? 0.8 0.9 1.0

-1.0 -3.0
fEA039E02 0 -PHi/0.362"0E '0 1

PROFILE
,__ -NRXMAL

TEST NO. V -20 -2 60 . .... TANGFNT!RL

'DIRONAUTICS,INC

1.0 h 1.0 . •

0.00 6...... .Sn0" I I /L

.1 0.2 0.3 0.11 0.1 0.6 0.? 0.8 0.9 1.00.6 I.LrN1.0 ý NS 0,$550E 02

0.1

.0,.0>0.2 0.11 0.6 0.6 1.0 0. 0.2 0.3 0.11 0.5 0.6 0.? 7 , 0.9 o.

X/L X/L mffC/.00•

1,0 .

I,.0 P ijn'j,-- ,.7I n**hl: I I i i I I i I i I I I I I:~ [PO!L i o o:: 0.O.11 s/ 0.6 01 0.6 0.9 1.0
PROFILE

"TrS r NO. V - 0.. ... 2.2 0 60.



14YDRONAUTICSINC

1.0 1.0
0.6 1-I ___________i___~______i_____l___ i_

0.1 0.2 0.3 0.4 0./L 0.5 0.? 0.8 0.9 1.0

1TENSION/0.2300E 014
0.4

1.0

0, 2 50.6.-0.6, 0.0/
• O. ! I i i , , I i 0.0 a _ -" I I IAI• .- 4i--e I I "

- 0.2 0.4 0.6 0.6 1.0 --•.T -r-"•.. 0.5 o /0.? 0.8 0.9 1.0X/L _W6 ""' • -•_/.... /.-

TOROUE/0.6130E 01 T -MOmENT/O.1050E 02

-0.4

1.0

-0.6 ,,--" -.

S0 0 " .. I I I i i I I I I I I I i l I

-01. . 0..6 0.5 0.6 0.? 01. 0.9 1.0

-1.0 THETA/0.3191E 02 0.P41/0.3620E-01

PROFILE

NORMAL
TEST NO., V -22- 2 -60 ........ TRNGENTIAL

HYDRONAUTfCS,INC

1.0 1.0 *

008

-1.0 0.1 0.3 0.14 0. 0.6 0.? 0.8 0.9 1.0

0.6l
TCPISION/0.11?OE 03

0.14

0.2 ~-- 01 i i

0.0 0.0
0.2 0.4 0.6 0.6 1.0 0. 0.2 0.3 O.4 0,1 0,5 a.? 0.5 0.9 h0X/tL ;/

-0.2 -
1-mOmENT10.1090E 02

-0.1

I , "'• , , I , I I I I i

1.0, 0.1 0.2 0.3 0.4 093 0.6 0.? 0.6 0.9 h.0

X/L

1CT.00 Ui 00 0 -P$o/0,w3x .01

PROFILE

TEST NO. V - .0 - 60

a.. ---.



WYDRONAUTICS,INC

1.0 1 -0

.6 0.0. -L I- I I I I I I

0.1 0.2 0.3 0A 0.5 0.6 0.? ,.6 0.9 1.0

-1.0 LTENSION/0.2660E O04

0.2 -

12

0.0 0.2 0., 0, 0.06" , ,0o .2 0 . 4 0 . U 0 .6 1. 0 0 . 1o . 0 . 2- 0.3 0 . J , ," . 5 0 .6 0 . 1 P. ; o .9 1 .O

-0.2 -~ \- •
TOROUE/0.3Z60E 01 T rnUrMENT/0.6190E 01

-III
-0.o A 05 06 0. . . .

1. ,~Ncmh'1.0

THIETA/0.3203E 02 0 PHI/0.2?60O-0iPROFILE

S. .. .. .NCrMHIL

TEST NO. V -f -2 -90.

HYDRONfUTIC9,!NC

S1.0 1.0 1.. . . ........ .. . -. . . . .

01 0.2 0.$ 0.'J 0.5 0.6 0.? 0.6 0.9 1.00.6 ,. I -L.-.L .J

I VL
-l.0L"TENSION/0.2690E 04

0.4

0. ..I ± .L .. LL... .0 r .. . .... .... ... I.• -'- .I I '

0.0 0J.0:>0.2 o.,4 o.6, 0.8 1.0 0!". , o~a o.3 o.J,,'." , 0..' CA.7 0.8 CA .0

• 0.2 -h1.L0
TOROUE/0.3260E 01 T-MfOMENT/0.6150E 01

0.4h

IOI• O.O~ ~ii i i i i i i , I I I I i I I i

CA , 86 0.1 0.2 0.3 OA 0.5 CAb 0.? B.s 0.'9 1.

I * DpQ jjf~ F ........... X/L

'1.0 4T 1 . 30--o020P- I/.0kmww.•lx o02•lo• .o1
DPOFIL.E

T1C¶ NO. V 19 2 -90 ...

,i--



HYUkUNHU'I lLb,INC

141.

0.8 U
d 0.0 h .- A - - ..A - 1 1. 1 - .L- 1

0.1 0.2 0.3 0.1 0.5 0.6 0.? 0.6 0.9 1.0
0.6 -L

-1.0L
-ENSION/0.2"E 02

0.o

0.2 ,, ' . . . . . . , ..
-J 1.0

0.2 0.2 0.6 0.6 1.0 0.1 0.2 0.3' 0.11 "--1: 0. 7 '\ o,9 A1'0
U.,.-. 0. *lL •tL fr .? ./ 0.9,,,

-0.2 -. \
TOROUE/0.7220E -02 T dm0MENT/U.a35oE 01

*0,.0

-0.6

-0,6 I I I I0,0

0. 0.1 0.2 0.3 O 0.• 0.5 n.6 0.? 0.6 0.9 1.0

-11. -R FL THETA/0.,•2?E -01 0 -PHI/0.3559E -01PROFILE

-.. . . NORMAL

"TE()T NO. i - 1? - 0 " 0.... .NIL

HYDIRONRUTICSINC

0.6 0.1 0.2 0.3 0.1 0.5 0.6 0.7 0.6 0.9 1.0
I I I I I I I I I I I I I I

0.6 "- X/L

TENSION/0.2690g 04
0.11

S.21.0 , . N , .

I- o
4 0.0 I Ii 1 i i i i i i i I I Ii I I II Ii I.'i I , i i I I .. I I •i'

-0.2 0.0 0. 0.5 1.0 0.1 0.2 0.3 0.6 0.; 0.6 0.9 1.0

XLX/L .*

TET O V-1?--9

• 0.ii .hO. .3 04 05 ~ . 08 9 h

-O -? • G.1. - rTWJOMX 02 - " ...... O '--01"*

PROFILE ,

TEST NO. V -1? 2 •90 ..... •cr•



4YDRONAUTICS,INC

1.0 1.0 ...

0.5 0.00.6 ' .o I i I I I I J. _ I I I f .I I I

0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0

0.61.

0.4oTENSWN/0.2700E 04

0.2

I.0

0.2 0.4 0.b 0.6 1.0 10. 0.2 0.3 0.I" .0.5 0.6 0..' 0.# 0.9 1.0f/L i-\ .- , X/fL
-0.2

"0,2 "~~~~~i.o L • / / "'•" */

TOROUE/0.3260E 01 T-mOMENT/0.6150E 0!

-0.4

100
-0.6 -I-..0| - -" "" "" . ".'.

-0.8 -C 0.2 0.3 O.4 0.5 0.6 0.? 0.6 0.9 1.0

P LETA/0.3203E 02 D PHI/0.280L 01PROFILE

-.... .... .. .NORrfl9h.

TEST NO. V -2n - - 90

YDRIONAUTICS,1to,

1.0 1.0

0.6 b- _ _.. . . . . . . . . . . . . . . ... . . . . .
I 0.0 i I I i i I I I i I I I I

I 0.1 0.2 0.1 0.4 0.M 0.6 d.? 0.8 0.9 1.0

0.6 X/L

h WcNSIOt/0.9110E. 02

0.4i

O.. i\ I I i I i A A iO.

0.2 0.4 0. 6 10 8. 0.2 0.3 0.4 .. 0.? 0.6 0.
•X/L X/L - . -,t

.0.14
1.0-o.b .° " °' " °.C0.0

0.6 ,.1 0. ' 0:.14' .*1 0.6 ' , ' '•. 0.
XIL

1.0 ctAm -p'01ac .gM
r PROFILE

....., ,.JWAll.

tFýJt Nr,, V• 42.. . 0 - 90 .. ... •t•



I4iUkUNHU1I ILb,INC

1.0 0.0 .0. J. . . . . . . ..... ..... ....

0 .8 = 1~ ~~0. 0 _ - -- . - . - . _ L ._ - - - . L 1 .. J . . _ L .- L - L 1 1 A |

9 o.0 0.2 0.3 0. ! o. 0.6 0.? 0.6 0.9 1.0
0.1 02 0. 0 lL

TENSION/0.2?OOE 04

0.4

1.0 0.-

"• O.o I I i I i I I I I I 0.0L. i i l I I .J__J<.L...___L.._.L___....± . __L _L .__,i..,

0.2 0.4 0.6 0.6 1.0 0. 0.2 0.3 0.4.- 0.5 0.6 0.? 0.6 U.9 1.0

-0.2 -1.0
TOROUE/0.325E 01 T-MOMENT/0..61I0F.D1

"-0.4
1.0

-0.6 ' -

- . i 0.0 ..... I...... I....... I I i I I I t I ,.,

. 0.1 0.2 0.3 0.4 C.! D.A - C.8 C.9 1.0

-0 r.../0..1P. 02 0 -PLI/0.260i * -01

PROFILE

TFqT NIO. V - 22 -2 - qO

WY0RONAUTICSMNC
1.0 1. , , ,_ _ _ . . _ . . . . ., , , , ._ _ -,

0.6 0.0 I I I ,. I I I , I , I I I A i I I

0.1 o.2 o.3 0.4 o.5 0.6 0.? 0.6 0.9 1.0
0.1 0.3 0 0.4X/L

0.41.0

r ..~.._,•,--,-........ !

0.0!~~~~~~~ *~~0.0 I* I I I I I I I I A A I

,0 0.2 0.mI 0.6 0.6 1.0 . . 0.3 0!46 14 . , 06 09 /.X/L X/L
.0.2 .

1.0

,0.60.1 0. 3 4. ) 0.4 O.5 0.6 O, 0 .t O.s I.l

PROFILE

TEST ,IO. v & 3 •

i



* YDOICNIUTICS,INC

1.0 r~-1.0
0.- .. . . . . .' ** 0.0 : l f I iI1 i i J I I , I I I

L
00. 0.2 0.1 01.4 0.6 O.0 0.6 0.9 .0

0.h

i.0

.0 . 0 - 07 0. M. M 0.1 O.d 0.9 1..

X/L.

P FI .T/0.31 02 b NI/0. M* -01

TFTT NO. V! ,

1.0i.

o.b L

L/

0.9 L.. _ L__ _.

............ .- I1

"A i.A A,, A. M 0 4h

Sil L • / ,.-' .,'

.* i- 0.0~ l1f . O, 0.1 O.i I. 0.6 0.9 i.0

To :%C. o I i;. ,o

S... .. I. liri



4HYRONPUTICS, INC

1.0 1.0

0.00.i if

0 .1 0.2 0,3 o. 0.5 C. A 0.? 0.8 0.o 1.9

-1.0L
TCNSION/0.?7VOE 01

0.4

1.0
0.2

3. 0. 1.0 0.1 0.2 0.3 0.4 0.5 0.5 0.? 0.6 0.9 1.0
~L....0 .. . . .t t .. . .A . ..

-0.2 
-X.0

7r v0f7NT/3.*9C" 02

-0.4

h30

-0.5 PROF I.3 0. . .0.1i.. m - .0

X/L

PROFILE

TrqT NO. VT ! -C 0

'veURftMS,3NC

h.0 .0 F ~**
006

0.1 0.2 0.) 0.11 0.5 0.6 0.? 0.8 $Is 1.0
0.6 [ X/L

C.II

0,1 L 1.0 r

0.3.

, 0.1 ' ! ' -[ -J-- a. -- A-*. l* • t.- ,

A 1.0 0.1 0.2 0.. 0.4 0.1 0.6 0W 0.8 0.9 1.0•ATL-- X/L,

4.4.

4.0.b el %

U .' "1•"I' , , -, S3 u .

j 5

1.2 i K MLA 0.m l0 "WN 41

PorOILE

[5?*,dJ r ; I4 .t 2 0 ....
/.t••

£!

I



$4DRGWUTICS,INC

1.0 1o0

S0 0.1 0.2 0.3 0 0.5 0., 0.? 0. 0.9 1.0

0.. X/L

0.2*1.0 1.0 , 0 .1NlIg 0 .2 0.3 04 05 0 . . . .

0.4

1.0

0.2 -. 0

-0.o ' , ..160 A S 0.6 00 C A 0 .9 1.9

TETNO. III -20 -2 -0L :
1.0

-0.0 8., 0•"

I. . 0.5 0.6 p 9. 0.1 1.0

0.6 t X/L

0.'A

h0 -h 0 0. 6l / .8• 0

-4 . . . . .. .

"["r •0, j it - 20 - 2 - O.W Pk ..... , r

* .1.0 Q: L a 0w0

X/L.

lr U.-" \. 1

ASK 8- 0 -- . tI AOR;•r ILE ..... •

TES•T4. vi -2 ,0 a0....

. -I=.



t4OOJICSlINC

1.0 
1.0 •

00.0 0.2 o.3 0. 0.5 o.b 0.? 0.6 0.9 1.0

0.. '. 

X/L

0 .4 - -. ,.-M IIOW1[IWO.2U 03+

1.0.

0.0 . '
S 0. 0.2 0.3 0.1 0.5 O. 0.? 0.5 0.9 1.0

-0.2 ~ ~X/L -OIcT0u

1.0
o.Fi /_/'4:-- %.*

-0.6 
L... 1.0 

s

0.SL~~i ~ . . .3 0, e.6 0.? 0.6 0.9 1.0

6.1 T" .0L 02I X/L D . -WMP -MI. I. "
.1 8.2 ..0-.- 0..1 -I .I 0 1.0

PRO IL 
.... .. \.

Jý 1. 4. 1 4. i. 1. 0 , + , . 1 4. V I0. 4 Ll 14 •

IA X/L

"4.6

0.|

!" I

- rtL



PYDROMfrJT1CS,INC

1.0 0.0

.. 1 0. 0. 3 0. 4 0. o 0.6 0.0 1•:• 9 .0

0.6 X/L

- T.o N/0.t6 I
A1.0

0.2 r /'

0.0 \ 0

> 0.2 .4. 0 ., 0.6 . � -1 0 .1 0.2 0Ao. o -d.f o.6 0.6 \o.9 /1.-02X/L -. X/L \ ./. I

6 LI[/0.21K 02 T-MOWelNT/0.26gC 02

-0.13
1.0

00A1 0 L .z 0.2 0. GA . 0.6 C.? 0.6 0. 14
YW .g02 0 P14/0.IIOOC -01

PROFILE
- JAM-

TFST Nnl.VI - 0- 2- 30 - TrTA

0. ,0 _ [ ,oa ' ' ' " ' "

[. . o0., o, L 0 . .0.6 0.; o, C .0

CA /

ic 1.0 v

*s* O ~ , : , . . . : ,

#J U 0.1 0 q .L 1.6 V 1. 0.0 1.1
L,, "€""' ' I L I 5. , 0 *' *. . . . . . ,-,A ,.. ... --,- . , \ . ,

4.1 ~ X/L I/L--/.

0 Aur1T.aK 41

PROFILE

TEST NO. VI 15 2 30



IYRONAUTICS,INC

ol 0.0 I I I I I I I
01. 0.1 0.2 0.3 0.4 0.5 0.6 .? 0.6 0.9 1.0

0.6 LX/L
TCNSION/0.1220 02

1.0

0.2 10

0.2 0.4 0A. 0.6 1.0 0.1 0.2 0.3 0.4 0.5 0.6 0.3 0.6 O. h.000X/L. L 0.L0.

-0.2 -1.0

' -monxNT/O.V3E 02

-0.1
1.0

-0.0 - 03 0.2 3 0.11 0.5 0.6 0.? 0.6 0.3 1.0
SIX/L

-1.0 30

PROFILE 
-01

TEST NO.V -? - 0 -30

14~IAJTCSAIIIIC

1.0 10.0

0.0 F 1 04 0.: 0,1 .5 Cb 0.: 0. ., .
0.6 -X/

0.4 *1.0
6.2 ~10W ,I.

8~ .0 .5 -h ts

:1:i Ii

Seg -0. e.2 0 6 0.4 1 l 0.3 ,2 0 6 4 * O.* '\$.I co

F PorL~ -''--.

.2vO.,

.12

,0

~~~~0 .... a .4.. • •

PROF'ILE£.... ,,

TEST NO. vi 17P 2 -30..... m



HYDRONRUTICS,INC

1.0

0.6 U

0..0

0.i.20.1ro 0.2 0.3 0.4 0,ý 06 0.? 0. C 0.9 .
TENSION/0.1300E 0it

02 0.6 ~ 0.8 1.0 1 0. 073 0.4 5. 0.6 0.? 0.6 '\0.9 /.

-0.2 -1 .0, ,•

TOROUE/0.24?OF 0 -MOME:NT/0.2690C 02

-0.4

- 0.0 .0 . 0.1 0.2 0.3 0.4 0.5 0.b 0.? 0.6 0.9 1.0

THETo/0.3352E 02 D -PI./0.9060E -01
PROFILE

TE5T NO. VI OR20 -O2 -230 02 . .T-m NT/.0

HYDRONPUTICSINC

-0.6

1.0

0.8-- , -LI{ ' "1 I I I I t I I

o0. 0.2 0.3 0.,4 0.5 0.6 0.? 0.8 0.9 1.0

0.6 - /

oi.0o - L

TENSTN/0.2110E 02
0.4

0,2 ~~1.0 *.

0.0 0. - J 0.02 .

>0.2 0.11 0. 0. 1. . . . . . . . . . .

'0.2 -X/L X/L.? 08 0. .
l1 .....OfENVO. I60L 02

-0.4

-0.6 I.,

o0.5 0.0 0.2 0 .3 0.4 0.5 0.6 0.? 0.8 0.9 1.0

o~s ',- LIL

TEST NO0 VII/0,22 00

0..1

o,2 ' 5 i' \



HYDRONAUTICS,INC

1.. 1.0 0.

0.8 ______________________________
0. 0.0 i

0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0
0.6 E

-1.0L
TENSION/0.1300E 04

0.4

0.2 0.4 0.6 0.8 1.0 0.1 0.2 0.3 0.4 0 0.6 6.. 0.8 \0.9 /1.0
X/L X/L /S-0.2 -.

TOROUE/0.2&?0E 02 T-MOMENT/0.2690E 02

-0.4
1.0

-0.60 I I IVt

-0.6 9 : 0.1 0.2 0.3 0.4 0.5 0.6 .? 0.6 0.9 1.04 - XlL

-1.0 -1.0
THETR/0.3363E 02 0.PHI/C. 9060E-01

PROFILE

.-.. - .-.- NORMALTEST NO VI -22- 2 -30 .N..... "'NI'IAL

4YDRON:UTICS, INC

1.0 1.0h r•A....,.........
0.8 ____________ __l____e__._m___m_.,"

0.6 0.0 l'' III I I InS 1 O.1 0.2 0.3 0.4 1 5 01 .6 0 . 0.6 09 11.0
0.6 "-O-XL

TENSION/0.?300C 02
0.4

0.2 1.0Ar ,. ,..-/ \ \,

0.2 0.4 0.6 0.6 1.0 0 0.2: 0. 0 8, " .6 m 1 .

X/L 1 XtL "v"
-- 0 A/0,4c30( 01 T 'OENTIE 02

.01.0 tU .. n•.lo po1h0

0.0.1 0.2 0.3 C.4 0.5 0. 0C.? 0.8 0.1 1.0
0X/L

h 4[.I*4C ci a M10.92rm .o1
PROFILE

TEST NO. VI • ,40 - 0 - 30



HYIDRONRUTICS, INC

1...0 1.0

-.6 0.0 O0 0.2 0.3 14i 0.5 o.b 0.? 0.6 0.9 i.0

0.62 /
-1.0 b 9I N/ 0. 9260E o0,

o.4

1.0

0.2 0.. 0.6 0.6 1.0 0.1 0.2 0.3 0.'4 0.1 0.6 0.? 0.6 0.9 1.0

-0.2 04.00L0". 1

T -rhOMENT/0.1050E 02

-1.0-0.6 | 0.1 0.2 0.3 0.4 0.5 0.5 0.? 0.6 0.9 1.0

THETR/0.3185E 02 0 P141/0.1OJ09E -01
PROFILE

_._._._ ... !:IXRL.
S. .-.-..... _NORMAIL

TEST NO. VI - 0 - 2 - 60 . . NCENTI!L

HYDRONRUTICS,INC

1.0 -1.0

0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0

0.6 - /.L

0.0

0.2 1. -~ .-

0o.0 0 ..... V7 *
0.2 0.4 0.L 0.6 2.0 0.1 0.2 0.1 0.4 0.5 0.6 0.? 0.6 0,1 h.0

0)L X/L

T-MoKRUD0,0AM 02

.0.4
1.0.

0.1 0.1 0.2 0.3 0.4 0.1 0.6 C.? 0.8 0.1 1.0
X/L

PROFIL E

TEST NO.VI .15 .2 ,60

' ',

4,6A



HYDRONPUTICS,INC

1.0

0..0 r 0.1 0.2 0.3 0.4 C.5 0.6 0.? 0.6 0.9 1.0

0.6-X/L

1TENSION/0.2110E 02

0.2 0,N,021.0 , ,--.E

~0.0 0. I I I I I I I* I I

0.2 0.4 0.8 0.8 1.0 0. 0.2 0.3 0.4 0.5 0.8 0.? * 0 6 0.9 /4.
. X/L X/L

-0.4 TOROUE/0.1240E 00 T-MfOMENT/0.11IW 02

M _.____.__ __.. ____....

-1. 1]i I i I I .0[-m=••='"%l I t I I I I Iz: i t I% .,•. 0.0

-0.8 . 0.1 0.2 0.3 0.4 0.5 0.8 0.? 0.6 0.9 1.0
X/L

-.0. .1.0 L" /

THEI/0.,219E 00 0 PHI/0.3999 E -01

PROFILE

TEST NO. VI -17-0-60 _ _ .ACETA

.IY0RONAUTICS,INC

1.00

0.0

0.8 0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.8 0.9 1.0

-1.0

0.4

0.2 0.4.?19E00 . 10 0399 -0

PROFIL.E *...... *

TEST NO. VI - 1? - 2 - 60 .. 5 . .. . . 1 /1.0

0.0I
0.6 0. h| O OI 0.2 3 0.4 0.1 O.6 0. O.6 0.0 /1.0

o.• o,• X/ •ex.,o.•: oiX/L.\/

-0.FLEmm f0"MM-

TS ...... VI 1 2 6

S.. ... .



HYDRONAUTICS,INC

1,0 1.0

0,8 • 0,0 .L IL IL.L 1 I L. I I I IL ..L--L_. __J

. 02 0

0.2 0..1 0.6 0.6 1.0 0 O 0.2 0.3 0. 0.5 0.b 0. 0.6 0.9 1.

0. /-10TOR•UC/0.6120C 01T-mNlO1il 2

-0.0

1.0

-1.0 .2- ? 0 I PH/.59_

.60.0

0. .. .6 0 6 1 011 0.2 1* 0.31. 0. 6 / 0.7 C A\ 0.9 /1.0

-0.2 -1.0L

0.3U/0610 01 . -OET/ 0 02

-0.-

0.0 ........ S

-0. 2 0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0

-10-. 1ET/.2E0 PHI/74.359W 02

.0.6 L .. .. .......... " .

0.r X/L

-IO

.o~wL

.0 __ _...-,--
> 0.4, 0. o. . .1 0J .1 L .,4 o.5 O.6 o.? 0.1 0.9 1.0X/ X/L

0.0 IL .. .. .

TETN.Vi 2•0•6 .... t

L Tl ."V014 0 ••2



HYDRONAUTICS, INC

.1.0 1.0W'0. I''•r• "i . , I i i i i , i iI i i , , , i i

*:* 0.1 0.2 0.• 0.1• 0.5 0.6 0.? 0.A 0.9 1.0

."-1.0
TENSIOWO.2290C N4

0.21

0.0 .. 0

* 0.2 i r. . " , , , ., * I * J. J I I I i I '

0.2 0 .L 0.6 0.8 1.0 0.1 0.2 0.3 0.4 0.5 0:. 0.? 0.8 0.9 1.0
X/L X/L-0 .2 -1 .0

T-MIOENT/0.100 02

0.i4

10, ' ' - i I I _

-0.6 I L 0.1 0.2 0.3 0.1 0.5 0.6 0!? 016 0.9 1.0

1.X/L

PROFIE T(ETA/0.3M'S 02 0-PHI/0.1401 -01PROFILE

TEST NO. VI 22 - 2 - 60 .......... TrN, TTL

WVCROWUTI•JCI,

1.0 1.0 r * *

0.6 1 0.

0 0.1 CA 0.? 0A. 0.9 1.0

0.b d 02 03 01 X/L

0.0
0.2

0X/L X/

4.U
4 .6 O O Ot 100.1 l.a 6.3 6.11 O.1 0. 0.? *.a 6.0 1.0

X/L

PIROFILE

0........ QGM

tLST NO I4 0 6



, DRONAI )TICS, INC

1.0' 1.0 ~- 1'- 1

0.6 I• 0.0 I. .J.-L .L .. . - .. J .+L -. - i- .-L-. I... . I ,1 1 .. L.. I L

0.1 0.2 0.3 0.1 0. 0.6 0.? 0.. 0.9 1.0

0.6
-1.0 L

TENSIONIu.26601 O

1.0 /" '• , .... . ..... . - .0.2 /

0.2-

0. 0 . - _. 0.0 1 -- I. I I I L'.

0.2 O.4 0.6 0.8 1.0 1 0. 0. 0.3 0.1 0.5 ,. 0.? 0 .8 /

-0.2• -I9 .h-.,
TOR1UE/10.326(E 01 T-MW.N'roT.b160E 01

-0.4

0.0 j i I 03 I ... l___L .J...L...i.-• - ] J...i. J..

0..1 0.2 L.3 0.'O 0.1 O0. U.1 0.6 0.9 I.!)

•-1.0. TfHET',C.3191E C2 0 -P.41/0.m -31

PROFILE ..... - -

0.5 r.
. t I 0 0.1 VA 0. 0.6 0.' 0.6 0.; 1.0

04 100 .

0,. . L1 *"/I -'••' ,, . . .
________________•_________________ . i a a I a a a *,l '

)" .: !il ,4i1 l 0 .l i~l AP] 0.I O 0.1 .i S'•05 " :'. .0b O.. '*,I " O. A.,i:O i

"h •I+ ,t .i j a , a .a oi I a t I t

X/L -10XIL ".*

Il

0.1 fl ell O.;iO DAlle, 0. V 0.4 0.1 1.1

I KO'F" ILL ....

Pit .'. l : i

i . 0 0.



4-YMONROUICS,INC

1.010 Ih•h . . . . .. . . ..

0.I X.LE 0.1 0.2 0.3 0.4, 0.5 0-6 0.? 0-6 0.9 1.0L/
-ENSICN/C.2'* 02

- 0.01

0.2 1. .. ... , .. N,

•o.o oa ' ' ?' ' °° '. a I' I ' ' "

0.2 0.,1 O 0.6 1.0 0.1 0.2 0.3 0.1 O, `-*t 0.? de. , , . /. . 1. 0
X/L X/L \. ./ .

-.- h IuOauOU/0.1220L 00 T -.ltfflLP•/O.63'iOE 01

-0.21 1

10_~ , , ,

00. 2 0.3 0.4 0.5 o.b 0.? 0.6 0.9 1.0

-1.0 kscmo.7avE 00 0
PROFILE

l.O ,O . .. . ,.... , , , ,, ........ ARM _,M% STJNI . , 17 2

5.0 5.0

6.1 0.2 0.) 0.'I 0.5 0.S C.? 0.8 0.9 1.0

O.O - X/

O~q 0.1• OMM W 00.,4

000.0 ~I ~ ~ a I~

0.2 004 1.6 0.8 t.0 0.1 U 0.) 0.4 X 0 . 6 1..9. 8.? 0 .1 0 f.9

1.0

0.60

0.6 K-L.0.4 I 0.o 0.) 0. .0. # .A , 0.1 0 , 0 ,,.

TEST 0O.'i .* .111 .l ....... 11uA 9

I -

am0 mm



2-0

0.1 o.2. 0.3 0• 0.5 CA 0./ C.A 0.9 !.C
0.6 .X/L

T-hO 0NS.MMNK 0. OWl
0.4

0.- 
,

0.2 0. 0.6 0.8 1.0 / 0.1 0.2 0.3 0.C U. ? 0. 0.9 /1.X'/!.. X/L ' .," - /
-0.0 - -hO."0V -0TORUM,33ML Cl T .•OMW•/o.l•50C •i

-0.6 
01.1 0.12 013 C14 CA CA' Cl .6 M M, "

1.0
PROFILE

*TEST P111. VI -2r 1' .9P

1.0 1.0

0.4 'oo

0.1 0.2 0.1 0.4 0.5 O.6 0.? 0. V.,

0.4

0.I.. l

X/o X/L o~, * .* , g• e.s

.tAA

. . . . . .

1. L,4 ,#A W L M I

t• 1,&

PR L Oda• 0 *"ink a

TEST• W. il 0 9 0OOtl. . ...



1.0 1~~~~~.0 _ .... . ._,,._ ..... . ...... .__.

0. _i _._ 0.3 0._ o._ 0_,_ 0._ 0.6 0.9 1.0

0.6 X/L

.. 0.

0.0M 0.00? .

0.4

0.0

/X/L

6. O.1 0.2 06. 0.11 0.5 0.6 0.? 0. .. /.9 U

PRO ILE

i.ST NO.. VI 2 2-' 911

4.,I

tL.0

. -. . . 6 .. ..' .. .

U :M CA)F' 4 l .)M.,A u L

sAL
64 l 0L6LbV U u

44 )VLim a

"IE.ST N31. vi - 0 . - 0 i IWOl.. .

-i.O.I P~.O~.1

L., I,.e



HvmwnCcsINc

1.0 1.0

0.5 .
o., 0.2 0.3 0. 0. o. b C.; 0.A 0.9 1.0

o.s "XIL

0.6 3 -1 .0

0.0 -. 0

1.0 0.1 0.2 0.3 0.'3 0.5 0.6 0.T. 0.9 1.0

1.0
-0.""

4.6 * -

A t- J-L jr.L- A.•*i n-¶1 p-L I ,I

•0. 0.0.3 0 . 0. O-430i0 C-05.. .

1.0 .0

PROFILE

TEST NO. VII 2 -0

1.0.

0.1 0.2 V3. . A . . . 0 .o.6 X/L

"WIbWs.,o 03
04.q

1.0

1.0 M U I Lo M1.0 #A 0. 1. 0. lo

lT4•OiT4.e INKi

4.6

4.T No. Ii i0o l . I 2 0

•IUI

.4 -i



,4YDROkN•flCS,INC

1:0 -1.0
I O hO -o..... ...... "...,

0.1 0.2 0.3 0.4 0.5 0.6 0. 7 M 0.9 1.0
O.b - . /L

-0.0 L . . t , ' , I '- r ' "

TENSION/0.13M0E 02
0.4

0.12 1.

0.0•- 0.0 - - - - - .- -- - -- -, .- -. r" --

0.1 0.2 0.3 0.4 0.5 CA 0.? 0.6 0.9 1.0
-0.2 -

-h.0

-0.6tEN/.MO wo2;

0. . .? .S ~~0 0 |L__L-I-.L-.L.J.mt.-L44•|.=&~--l". * ' II

S00 0 -PH41/0.M9C -01

PROF ILE

TEST NO. VI- - 0- 0 ........

2. 0

0.8- .0 _ __ f
2 0 0. 1 0.2 0. 0.4 0.6 0.? 0.8 0.1 2.0O.b,• • X/L

I0 MONI.OOIO 03
0.11

0.2 0.0

t w ...i.r.~
0., 0., 0., 1.4 0.1 0., W., .8 0. , .

..0.2

.0i.0

0.o.

kg 

X/L 
4%. fPRWCILE jc n n0 " m4

TESTVNO. VI 1?' 2* 0K......

ago



NYDRONPUTICS,INC

1.0 1.0

0.6 -

.0.0 S0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0

TENSION/0.?6'0E 03
0,1.

0.2 3/ \

*-N0.0 F.NTI 0I Ž0.0

0 0.1 0.2 0.3 ON 0.5 0.6 0.' 0.09 1.0

-0.2 
E -1.0 T -MOWNT/0..3640E 0•

-0.4

-10PROFILE RIcTR,:.?792E: 0.2 0. . . PHW/0.399E -01

-1.0 -. 0

.R-- -XIRL

TF¶3T NIC. VII -20 -2 -0 -. TqrN1

HYDRONAUTICS,INC

0.. 1 .0 ".

-0,LJ U' 0 , ,_ I I__.• a- . .. t--'*-,. I •- .

9 0.1 0.2 0.3 0.1 0.5 a.6 0.? 0.8 0.M 1.0

0.6 1.0LX/L
TCNSION/03a31 02

;,0.04

1.0 L

0..0

1. 44TR.O. [ 0 C 0.2 0P3I/. N9E -01

PROFILE

TTOV 2 0

.1.1

- 4•J 4

i ' "•-"\



HYORONRUITICS, INC

1.0 1.0 *

0.60 F i i l I I l I I I i I I t.

O.l 0.2 0.3 O.lt 0.1 O.b 0.? 0.8 0.9 1.0

-1.0LTENSION/0.00.6 03

0.4

1.00.2 /.\

_ _ __" 0. 1.• •;1.! 0.1 0.2 0.3 0-l 065 0.6 0.? 0.6 0.1 1.0

-0.2 
-l.

T-MOmENT/0.3B90E 02

-0.4I

1.0

*0.6

0 0 01 0.2 0.3 0.4 0.! 0.6 0.? %0.6 0.9 1.0

-1.0TM.1• 02 a0-PHI/0.3 10-0!

PROFILE

TESTNO. VII 22-2-0 2 0. ..

I4WMTICS,1NC

1.0 r1.0

C i. a a I I A I1 I i 1 . i i i I I ,,.

O . 0 4, 0.) 0.4 0.5 0.1 0.? 0.65 0.9 h.DAb X&L

.h0"0.4

0 .0 . .J . 0.0

-. M ..* . .o L. .4A S. 1A 6.0

'~~" .0L

- ,I" ..

iEsT NO. VII •40 -- 0 ..0...... m moI

+~I+



HYDRONRUTICS,INC

I I I I

0.0 1 0. 2 0.3 0. 0 0.. 0.6 0.9 1.0

0.6

TENSION/0.92V0E 03
0.4

01.0
0.2 0I I- "

S0.2 0.4 0.6 0. 1.0 0.1 0.2 0.3 o .• 0 .6 0.o 0.6/ 0.9 1.0
*/L-0.2I- /L ~- /

TOROLIE/0.1290E 02 T -M1OMENT/0.253•0 02

-0.•4

-0.0 "- " 0
0.0 I _L.. LL .. L J_ ...La_..z --,, *-,, ,r" I I I I I I I-.

o- 0. 0.l 2 0.3b•r e.-• oAoa !
-' X/L "'..

ThC~h/05300(020 .P140.?5&-01

PROFILE
.._ .I. .. .... ,

TEST NO. VII- 0 -2- 30

1.0

O,...A.......... .. . . . . . .

0.~10. 0.4 .5 d. .? .5 0.9 1.0

0.6 -X/L
""0.•,0NSl1Ni0.WN• 03

i.0

>Id..2 0. 6 0. 0.1. 0.0.,
I- ~X/L ~
WI 0 02

4.1".

I" ~ ~~X/L .,,,,

PROFILE

TEST NO. Vil 15 -2 30..

o mlm.9

i'•'-"..,,..



HYOwIgCS,INC

I ,-.... .. 1.0 .

, A." . *l.

0!1 0.2 0.3 0.4 0!5 0'6 0.7 0.6 0!9 'l.g77... KIONO.2210E 02

6.2
""-.

0.0 .i.it 1 t 0 .0 1 . i.. lf..b- V i I . 1 .1

0.1 0.4 0.6 0.a 1.0 0.1 0.2 0.3 0.1 0.5 0.6 0. 0.6 0.9 1.0
X/L X/L

-0.2
T-mOnWNTI0.MOD 02

0.0 • , - - . . . -

-0.6 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.6 0.9 1
X/L

-1.0 -10h eO m go0-H/.w 1
PROFILE

TEST NO. VII - 0- 30

1.0.

0.8 - A . I A A A I a I I I

0. 2 0.1 O . q 0.0 0. 0 .? 0.6 .O3 1.,
o.b - X/L

• mSowi.m.oc 03
0.4

0.2, 0.4 0.6 0.. ie 6a ~• . .6 LP / i. e 0 . .

XIL 
X/L

4..

0"7 ......*i" L.............. .-- I- * i
Sl# 0 . .g.I

PROV ILE

TEST NO. Vii I? - 2 30



I4%'ORONAUTICS,INC

0.8 e *

0.1 0.2 0.3 0.11 0.5 0.b 0.? 0.8 0.9 1.0
0.6 X/L

-1.0L
rENSlOW/0.96 03

0.2

1.0.1. .
0.2 -.

0.2 0.4 0.6 0.8 1.0 0.1 0.2 0.3 0.i" 4 9.. O.b 0.7 0. 8/ 0.9 1.0
X/L X/L /-0.2 --~ k ...-

TOAE/04.128 02 T-n10r/Co.Flc 02

-0.11

1.0

-0.6 . - "

i... . X/L ...

-l.0 -1.0 [ "X/L.,..-
T10ThRI.L63S( 02 0 -P41/O.7620C -01PROFILE

TEST NO. VII -20 -2 -30

INRMAMIC3,1NC

,.,", 0.0 . . . .I . - : . . I

4A 0.2 0,3 0.11 0.1 CA6 0,? 0.6~ 0.1 1.0
0.,.oo.. X/L

> 3 1. . ., .001 2. .Ii . 6
"41 t

.u o .• 6.. 0 1o .4 I) 6., 1. 6 I 0., ,.o u
4.0 X/L \ /

[PRO FILE ~S.046a~

T N22

,la



HYDOW ICS,INC

1 |.0 1.0

0. m I I i I I , , , , I , . I t I

. 0.1 0.2 0.3 0.4 0.5 06 0.? 0.6 0.9 1.00 .6 XlL

1.0 TCNMS1ON/0.9PCC 03

0.2 6

0.0 0.0 1--- A *
0.2 0., .0.6 0.8 1.0 0.? 0.6/ 0.9 !.0

X/L X/L ".
•0. 2 - 1 •, 0 ,. ,.

T01ORI/0.1OUC 02 T .OmEN/0.251f 02

-.0.4

-0.6

-00.0
-0. - ~J-.-1~-. 0.7 0.6 0.3 .0

X/L
4.0 .. PJ0M.0C 02 0 I (-a

PROFILE

TEST NO. VII - 22 - 2 - 30 ..

1.0 3.0

i 0,0 , *F I A I , I I , I I I I I
0.1O . 2 0.3 0.4 0. 0.6 C. 0.1 01 1.0

0.6 X/L
0.4

0.2 1 .. .o . . 1 o M j. $A C .
L *X/I. X/L _.

_.. ... .._,_ __FA

I U M- L U 0 # U IA

PWILE
TEST NO. Vll - 40 - 0 -30|



T
I4YORDL-PUTICSINC

1.0 l. .

0. a O, i II.-
..1 0.2 0.3 0., • 0'6 C.? 0.8 0.9 1.0

0.6 i 00 X/L
L0.2 .

h0.

0.2 0. 0A. 0.: 1:0 0:1 0.2 0.3 0.4 0.3 GA 0.7 0. 0.9 1.0

X/L XlL-0.2 -hO

T -MOi NT/C.1000E 02

-0.1

1.0

4.0 _ 0.... ... .2 0.3 0.4 " 0.1 CA 0., 0.6 0.9 1.0

PROFILE

TEST NO. VII - O-

uvOQlATt0i S.l$INC

U, .0

0.1-. ~ .1  : 0 .2 0' 11 01; ' 0 . o. 0.1.0
0.6 XI
r., • • . . . . .10

0. 0,0 1 . *7 i i i i I I

nC- L 0.14 0.6 C. 1.111 a 00 . 0.3 0.0 C.? 0.6 . '

*O.2 .01 0. . /

'I.0

o., o. o., •, ,<o; o., . o. C o., ,.

0.'. 11

i•#LL

PRO ILL-,

S C. vll ;It T . T~l•N atdlK 04

L hi.. ,



WORONgIUTICS,INC

1.0 1.0
i..0 h . . . .. . . . . .SO.8~~ 0.• I I I , I I I I I I I I I I

0 00 O 0.2 0.3 0.1 0. 0.8 0.7 0.6 0.9 1.0

0.5 1

0.23 :

-. ' 0.08.• "0 .2 0 .11 0 .6 0 . 8 1 .0 0 , O l 0 2 .3 O . .6 0 .". . o
--X/L X/L-0.2 1.

T -momcNT/O. iO9OC 02

"10.0

-0.6 .

-0.6 0 .1 0.2 0.3 0.5 0.! 0.8 0.7 0. 0.9 1.0
.4 1. - X/L

PROFILE

TFST NO. VII 1- 0 - 60 .....

IMNALMCS,IC

1.0 1.0

0.4 0.01 i I i i , i .0:i n ii I n I i i i I

04.
0.0.0

t 0.1 0.2 O.3 0.,1 0.1 05 O Jb0. 0,t 0.1 hO.

0.2

S0.2 0.41 O.A O. 1.0 0.1 3.2 .3 0. 1 .1 6, 8 v) I .O .t .hi

I/ ?4Xk10im

.0.11

-0.I

ji F*.. JL A . . . . I . a p

,O.6 .~._I, 6 PJ 6.3 O.11 63, O II O .? 6.6 63l O I.

L20 1.I. 85LeW U L

PR•F ILl'

TEST NO. vii 1 l? 2 • 6C5 .

,Lg



I-I

0.60
0. 0 " . 0. o 0.5 0., 0.? 0.; 0.9 1.0
000.6. 01 X/L

1.0

0.2.. . . \.

0o.o "ai"l I a
0.2 o.4 o.6 o.o 1.0 0.1 0.2 0.) o.,4 0 .5 o.6 o.? o.6 0 . o .

.02X/L X/L

-0.-0 -O1.0

0.0o, i i- .. . I '-' ".

.- 3 0.2 0.1 0.,1 0. 0.1 0.? 0.• 0.9 1.0
.. .... X/L

-. 0 4.0, I. . . . . . . . . .
1fV34.1102 02 0 pM1'.l -03

PROFILE ... l3~.

TFST NO. VII 20 2 60 ..

-,0 .w,-,OI--- --.--------.-- +..."---"..........

0.1 .2 0.3 M. 0.' 04 .? 031 0.o 3.0

0.1 X/L

.....................................--- ""........... ,,a

0.3 6.4 6.11 I.t 3. LI 6.3 6. .| 6. 15 I.s 0,? 6.1 ,l O . e
4,11.

0.6~ ~ L IJC l U M lt# P4819I

4.41 . . .1 6? L . .

I.I

PR~OFILE

TEST 4. VII 22 0 .6.0.

AP-a



ineImVcs,fNc

• ; •i t I I I I i I i i i i I I I

0. 1.2 0.3 0.11 0.5 0.6 0.? 0.0 0.0 1.0

0.0 k il l t
0.2 0.01 0.6 0.0 1.0 [ C. 6.2 0.3 6.1 0. 3 0.5 0 .? 0.6 SI. 3.0

X/L X/L4J."-1.0 L.

"L. .

r.....t.1..
4 L2 0.3 l.4 0.1 0.A 0.7 l.? 6 .! 1.0

PROFILE .UCU oFS.i~iCa

S 'TEST NO. Vill 22 .2 -60 ....

9. LI4 #6,39 Lb 6.? U U I0o.0

M M /

,Lo 6 L M WLV U U

4,1

4A1

I.
,u Ll Ll Ll Le Ll L i i 0 ILJ

TES NO. Vl1 • 40 0 - 0W ...



HYM~ICSINC

h.0 l .. ... ........ .. . . . . . . . .

0.6

T.PE"i- /0.U/ W,

0..

0.1...6 Ds 100 . o". 0. . 06 0? 1 .9 i!

0.2 r1.0 \. . . / I

•o0.L \.
.0.6

i L ' -1 0..4 ..' .

TWThCI4-M02C D~020 -01
PROFILE ..

... .. .. .. _ow•al

"T 'rtT MO. V%1 0 - .......... ',•- ;X.

I.I 1.0

S00 -4 A =L, -L.L .-. LL L .J ~ .t -A --4-.I 4,

,, _ 0., 0.2 . 0. 0.5 t.,. 0.1 03. !.1

9A - * "b

- - ,IA -1-• .. L- c - - A-.; •AS .

t" 1 A LI 2.10 p Ls 1.1* o. 5

<..

IP+•.~~~~~~~ ~~~~ A-L- o,, et .- !.. t + .J+•i . + o• • oJ
+'* i.+ * .- *

U I• I E +A IM & I.ed.li I .8

L,,I

6.. d .<1 .• C4 .l tA 0 1. ) .1

+l,'i-1., i .... . +' .... .... . +" % *•



HYDRONWUTICS,INC

1.0 1.0

0.6.
OO •~~~~~ 0.0 .J--LL_..i._L.L _A._.... .A .1..• L. --..-. L. - L. L I L-J

S JO 0.1 0.2 0.3 0.4 0.• 0.6 0.? 0.6 0.9 1.0
0.6 1. L X/L

S9! L
T•NSION/C."620 02

0.4

0.210

0.0 ,0 0 ..L..L. L. L L I I .L.I.I-I I I -'i

0.2 0.4 0.A 0. 1.0 0.1 0.2 0.3 0.11 01, A . 6 0.? 0.6 0.9 , 1.o
X/L X/i. , , . /

TOMM/SM .01 *-fOWNT/O.20 oi

-0..0

ca.8 0-2 0.3 ..24 1 D- M 1, -. C

PROFILE

TEST NO. VIT - ? 0 - q0. 4,.

1.0 .0 ... ..............0

0.5 4. 1

0. .A D . 0.1 - 0.1 0. -0.! .I 0.0 0.P 0.9 1.3

4.11
O1.0

W. -lL . . . ~ '

X/L X/L

4.0

LU #t t .1 6.I 6• . vl. . 6 0, ' 5, .5 ~ .

I A"am ON

,OI Lr

TV UI il i 
-

b~.9



HYORONIUTICS,INC

.1.0 1.0

0.6n

-0o.1 0.Z 0.3 .• o0.5 0.6 0.? 0.3 0.9 1.0
0.6 /

TENSION/0.153E 04
0.4

0.2 10 I .. ." "'/'""

*0.2

0.0gU * 0 .5C 010,omN/.62E
,.w.*- F* .,...' .." " \

-0 0.2 30.6 0 CA N -
.. 1 0.2 0.3 0.. 2 0.5 0.6 0. 0.6 0.9 1.0

XIL -"L-0.2 -1.0L \.
TORCUE/0.630o 01 T0-m0OMNT/0, .,02C 01

-0.4

1.0N 2
-0.6 , ,

0.0 J- ! I I I JL.i i i .iL• 1 i
-0.8 0.1 0.2 0.3 0.10 0.5 0.6 0.? 0.6 0.9 1.0

0.6 X/L

-1..0
-h0Q 0.0 " , ~ , ,".'

.r2 01/0.6301 0 02 0P60/0.2600EPROFILE

TEST NO. VIJ 20 -_2 - gn. .•nrrr

YO1PONIUTICSc,INC

0.0

0.0 go I I I I I i i I I I I

S0.1 0.9 0.3 0.,4 0.5 0.b 0.? 0.8 0.09 .0

*..0 PROFILE [* O

TEST NC. 41 2 - 0 .90

",°,e



WDRtM7AUTICS,INC

1 1.0

0.5 l.O L .. L .......... "

0.1 0.2 0.3 . 0.5 0.6 0.? 0.6 0.9 1.0
0.6

TENSIMN/0.4I0C 0
0A

1.0 i" . . . -- , '

0.2

•3J .O I i i i i i t i 0. ,"i , * i L , I I" I I I

0.2 0A 0.6 0.8 1.0 01 0.3 0. 0 0.6 0.? 0.6 0.9 1.0•/L , ""-" ,/L

-0.2-.0 
. L

TGOJ'/0.59M) 01 T-I11CWNT/0.A020E 01

-0.G

1.0 ...... .

-0.6 a

.0.6 0.1 0.2 0.3 o . 0. 0.1 0. ? 0.6 0.9 1.0

WTM11t.WZ301O2 0~.2M O•-01

PROFILE

TFrjT NO. VIT- 22 . 2 - 40

WIA)RNAUTICSINC

1.0 1.0

0. . .,L. .• i ! I l I I i I I i i

0.60

I

02 .4 01 05 100.1 0.3 C.S 0.4 0!1 6.6" a' Ga 0.9 /1.'D-
X/L X/L \0. .1.0

0 .10,0 
1" ° .1- . ... . . . 0>. .14 L o.6 1.0 0 .1 0.1 0.3 o., 01'., o.6 0.;? o.6 o.9./1.0o. ,X/Lh X/L .. ,.,...../

1-l I I
•0.6 , 0 . 0 .2 0.3 0. .. 0.6 W0. 0.1 0.9 1.0

X/L
-1.0 "- .,00 aMA.2m91

PROFILE

TE'ST NO. VII - 0 - 0 - W

' i



1.0 0

S * ... i. i **..n*

i O.• fli I l I I I I I I I I I I I I I I I

0 ., 0., O.s 0.4 0.5 0.6 0./ M.b G.9 h.

0.6

fENSIOd/O.?130M 03

0.'.0

0.2 ,, .0

"0. O, .. J J I, I _L -. I- -l -,• ...A . - -. I* ,a I- * " *

0d".6._ 1.0 0.1 0.2 GA 0.1 0.1 0.6 0..' 0.6 0.9 1.0

-0.2
T -MfMofNT0.j8,0 OŽ

-O1.0

-0.b1

• 0.8 . .o. . 1L. L.L..-ea .A.- .." .4 .Pi o . .I o. I .I

10.0 ~ .ja... -- 0.5 0. 0. 0.0..8 0.9 1.0

PROFILE 
........ " tm.

TF')T NO. V!T - n 2 , .......

MYORQNWUICS,3NI,

1.0 1.0.4.9

0.1 0.5 .6 0 .? 0. 0.9 1.0

0.6 -X/L
*1.0

0.51

1.0

r 0.0N/,

001 ,= .h. I .. _,+,

1.0 0.1 0.2 0.3 0.11 0.5 d.6 0.? 0.6 0.9 3.0

*0..0

11'+/nOJ_ ''-+ -•- •- 00i .+o' 1.O 0i'

..... 3X/L0

PROFILE 
........ nw .

TEST NO. Vill • 15 •2 0 ...... ,0Cm4TIm



HwwwTcs,INC

1.0 1.0

0..60.6 I I a * I I I I I I I I I
0.1 0.2 0.3 0.4 0.1 0.5 0.? 0.C 0.9 1.0

0.6 X/L

1TNSIOW.1320 02
0.4

0.2 .

T -, IOtI..NT/.. 39.E 0U

-0.L T-0.11N1/. t o

0.0 l L - .-- .-'L .-- mJL--L - .'- .a.;-I"-' ! */ I I I I-0.6 .- 0 "

0.2 0 i.3 0.1 0.!1 0.11 0.? 0.4 0.9 1.0
X/L

-1.0 "1.O r ?. P 01 D-P141/0,3W.U 01
PROFILE

TEST NO. VIII -1?- 0-0 .. .rIL

W40NAHAT1CS,1NC

1.0 1.0

0.8 . [... .........

o 0.2 0.o 0.o1 0. 0.1 0 0.8 0.9 1.0
0.4

-..

00.0 i ".6 K 0. .III*0I 0.2 ..° L.o..-6 ov' -E •-"9 0.11 o.? 06 o 5 9 I
- ... . 0/1

1t,0 h 2,4?R0,•• X/L O~~i.O ,02

PROF ILE

1EST NO. Vill -1? -2 -0

- e



NmwUI7CS,INC

1.0 -1

0.6 I /
.1C' 0!2 0.? 0'3 0 .40' 0 'b 0. 0.i 0.'9 3.0

TCNSIWO/.?Wa0 03
0.4,.

O~.-
0.2 - /. '

1. 0O 0.2 0.3 0., 0M 04 0.? 0.6 M 0.1, i.0

-0.2 1 i -h

74-WOmNT/0.M90E 0Me

-0.6

0.0 L _ I I

_M,: 0,1o0.._ - .? 0.6 0., 3.0
X/L

.I.0 .0.02 0 PH4I/0a.JQE .0l

PROFILE

TF'T NO. VIII •20 2 -0

0,WW ICSNC

1.00.13 -

. oa .1 0.2 o., o.,, o. o.,, o., o., o., ,.o

T ,MOWNl~lO.*W 02

1.0

7.: 0.3 0' 0 °4°/'0" T°'1 '.1, - I, ./

PROFILE

TEST NO. VIII - 22 •0 .0



VY RONFL.J'rCS,INC

h. i .0

l.a 62 O.3 Ot 6.5 O.k 0.9CA9.?

C~i X/L

V.2. 4. e44 t 1

-1S '.l'.l l(O

.-. ,

C4 0.1 CAL5 6 L . ....

r...

i~Mot

9 .,� A* J. . K'

,-8.i8•il .ii

1.1 ___t4•l. It

, ,, • 7 ,7 . . . . .. . ' • l l le



WORNAJTICS,INC

1.0 10,., +. FI-:::-::: : :----:
0.0 ! 0.0

O 01 0.2 0.3 0.1I C.5 0.6 0.1 0.0 0.9 1.0
62./ X/L

.1.0 IIO- g W 0

0A.,

-0.4 6

I. 1 0. 0.1 1.

1.61

'75 Nn.. V\ .I

A 3.1 0 L .~ 
4~ 0 ." 1.1 1. 3.1 .) ..

-00.6

a. _ . .. 0

.O.1 0." 0.1 OY., 0.0 C.e0 " Lt I 1.C

4.w c.r'.rEb moo 0'TI. e *AMA

•., .. .• .- m•, • •



HI.JRONPUJTICS, INC

1. 0 4 03 03 01 0. 0. 0. 0. 0. 1.

TEEI0..21 0 /
0.2 0.1 0.U0. . 0 .

C0.1 0.2 0.3 0.4 O5 0.6 0.? 0.6 0.9 10
0.6

TTENIlON#N.20lC 02

10..

o.2 •./ '.... .

xc-0.6 .%J 0, .•b'' "l I I I J I • 1 1 . -L J . . ._._ _d,-jk.l4,I i• I I I |I I •

0.2 0.6 0. 6 0.1 0.2 0.3 C.1 0•5 060.6 C.9 1.0
X/L X/L

•* -- 1.0L
T ,.WNII• O.VW 1C 2

1.0-0.6 itL

0.0 - . * . . . - " I t
"-0.6 D'* o. 0. 3 * 0.14 0.5 0.6) V. 0.6 03 1h0

PROFILE

TEST NO. VIII- 1 -0 -30 .. ,

14I•PPlJT1CSINC1.

0.0 i * J I Ji i I i I I I I IJ

0.0
0.1 0.2 0.3 0.11 0.5 0.6 0.? 0.0 J.1 1.0

0.11

0.0 0 .0 a~ o . o o o OAs!.

0. .10.6 0.5 1.0 0.1 0.2 0.3 1. 0.5 0.A W~ 1-xC A

.- 1.0
-. ,•. o, l., . %,

O~q ,4.6

PROF ILE

STEST NO. Viii - 17 - 2 •30 ....



•IVCRONdRUTIC$,!~n 1.

0.6 • . t t t , i i , i , i i J i I I -I

,) 0.| C.? 0.3 O~5 .q 0. o .6 C3 ..~L X/L
TENSW0.WIOE Ok

0.00 -. 4
0.2 0 .O Cs SC . . .0

1.0

0.0-

S0.0 , 0 . , . . . . . . . -- J -: : . . -1 -, , . _...' _ 4_

K 0. 0.2 C .b 0.? 0.6 0.t• 5.0

• ., 0. 02 . 04 /
5.0 . ,

-o.• i •" ~~XIL """"

PROFILE . . .

~0 0 . 0. . .a., 0Aa ad 0.1 0A .

o..- XIL

4,1 oj e L s1 u op . .

1r35W0 uf

0. .4 01 . 06 0. .X/

0.a

". , •,a.\ /

0.4 •.

0. , N . . . . . . .,__

• * II.I



0.6 /
00.0 

I I I I | I I l I I I I I i I I I I I

> . U 0 . 0.1 0.2 0.) 0.4 0.5 V.& 0.?. 0!6 ;09 10
X/L X/L

Vmxio.,m 0.2 T. o. A[•, ox. K 0. , .

-0.4

4.,1 1.6.

t * I I • I "

0 1 0. 0.3 6."6. 0.1 0 .6 6. . I. 6

X/L

PROFILEIiL
TEST TO, VIII 22 2 30

-O0.0

0.1 1.6

t~ I ~ *. , * p * pp- ,- ,

9.6 - X/L *

144

U !9UUUM ?0. fW

4./L t: ,/%;" "

'A 0,60, 0,3 O6.46I.5 6.1 6.? O.5 6.6 1.6

• ~ ~ ~ ~ i a. "1" A[n5"= II044 41

PROFILE

TEST 40. VIII • 0 .0 .......

*MI•,I



3.0.0

0.1 6.2 0.3 0. 0/L . 0.? 0.0 0.9 1.0

"-.. 04 n f 0.0I

-02X/L X/ .I

3.0.

L. US .... ..... . .

X/L

1.6 ~PROFILEOR0JM.1.. : : ' ' ' '

TEST NqO. Will 0 2 60

11.0

LO.1 U ) 0..U 1.6 C4

I X/L

"u .• . .. ." .• .-

.0| 0Lo GA l.W U Lit U 6. 0.? C U 1.

4.4-6

u•fL IL aU U M Ll U .j u 9.e

TEST40. Vill - -.1 1.60

84 3

S. ee" ... ..- *~.•'_ : " -,

4.,I



WNRaMMICS,1 iC

1.0 1.0

0.013 0.2 0.3 0. 0. 0.6 0.? 0.8 0.9 1.0

0./ X/L

TT AmWNl0.mmy 02

-.2.1 - .IOI -*O( O

. 2 . 6 0. 1,0 0 0.2 0.3 0. 05 0 0.7 0.5 0.9 1.0

-1.0 W4 -l.5 X 0.1AMK/L

PROF ILE-

TEST 610. Vill 1706

h r 
I t I I I

.1 0a OJ 0 • .1 6 0.6 OW 1.6 1. 1.h

. o. e. . . .0 . .a ..

).L ;/L

II U.'ILU...U.....

TES•T W. Yin :7 -



-4YORONRAUTICS,INC

1.0 1.0 , J L

0 .6 .0
0.1 0.2 0.3 0.4 . 0.C 0.6 0.6 0.9 1.0

0.6 [ /
-1.0 L

TENSION/0.15?0E 04
0..

0.2

-0 0.2 0.4 0./ 0.6 1.0 0.1 0.2 0.3 0.4 0.5 0.6 '0.? 0.6 0.9 1.

-0.2 -1.9

T -mOmE'NT/o.10l0C 02

-C.4

of6 I.0

-0.6 P_ 0.1 0.2 0.3 0.4 0.5 0.6 0./ G.6 0.? . 3.

-1.0 -1.9-19rPOIET1ETR/OY30E 02 0 -PN]I0.1360E-01
PROFILE

S. -...... NCItflRL

TFET NO. VIT - 20 - 2 -60

IYNONAiT'rICS,INC

1.0 9

o.8• EFo~T i , i .. _sa J.. _ _ L_--J

0.1 0.2 0.3 0o. q 0. 5 0.6 0.? 0.6 0.9 1.0

0.b -•t1.0L

TENSION/0.6390E 02
0.4

J 0.2 0.0 -! I '

0.2 0.4 0.6 0i 1.0 0.1 0.2 0.3 0.4 o.0. 0.6 o.d 0. 0.9 1-.0

SX/L X/L0.0 .2 -.0 L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 02

-1.0

T -l /0.1080E 02

I ~ ~~~0.0 -*7t,' ,,i,,
0.! 0: 1 0.26 0. 0. 0.9 1.0

S~XlL

"PROFILETIET:/.0.10??E 02 O-PHI0,. 146E -01
SPROFILE

- -...... . ..NORMAL

TEST NO. VIII -22 -0 60 ___-TANGENTIAL



• eI'oRG.,JPU?Ic$s INe

* 0. 0.0[* n n i n . I I1 I | I 4 I

0.1 0.2 0.3 O Xq 0./ 0.b 0. 0.6 0.9 1.0

0.14
• OTENSION/OO 0

0.2 O.q 0.6 0.8 1.0 0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0
X/L ~ -X/L

-0.2 -1. r-1.,9
T -MOMENT/O.1OIOE 02

-0.60
rti=l I t I J I I I I I I I I I _ . __I I

.60.1 02 0.3 0.14 0.5/L 0.? 0.6 0.9 1.0

-1. -1.0

-i~o -1.0 02 0 -PI41/0.1360E -01

PROFILE

TEST NO. VIII -22 -2 - 60. YvNT!o.

4VORONAUTICSINC

1.0

0 0.0S] o.o __.__o.___.,___ o.__ _________________ ._

0 .6 t0 .1.0[ j0.1 0. 0. •I.5 06 07 0. . .

0..OTENSION/0.2160E 03
1.0

,•',,__ ,£.,,0,, - ." • -'". .-... - . .. "

0.0. t..,¶,,1"--- - I . 4-,

0.2 0.4 0.6 0.6 1.0 0.1 0.2 0.3 0.4 0.5 0.6 0.? o . 4" . 0.9 .4.o
X-02 L X/L--\ .

-0.4 
L
TORQU-0O..6E 01 T -MOMNTOI190E 02

-O~q

-OO,

-0.6 0.1 G 0.2 0.3 0.4 0.5 0.6 0.? 0.8 0.9 1.01

-1.0 VHETh/0.3243 02 0 -PHI/0.3800E -01
PROFILE -r,. - o.

TEST NO. VIII - 0- 0 60 -...-...... TrENTIf



lIDPONIUTICS, INC

1.0 .0

0.1 0.2 U.3 0.4 0.1 0.6 C.? j.6 1.9 U.,
0.6L

TENSICN/C.1?207 04
0.4

0.20 *. / ."- ;- .-...- _ .

.. _"-. .0 J i I i I I I I 0' .0 iI J I I I I "t ,•..,I I I I I i i0 .0. 0...8 100"""- 0.1 0.2 0.3 O.i 0.5 "0;b. 9.? 0• 0.9 ,0

-0.2 E
TOROUE/0.0I10E 01 T-nO.ENT/0.i,089E C'

-0.4

-0.6
Li

L)1.0.-i.o • : [ ., o.0.4 o.5 0. ° 6 • °• •
-0.6 . . . . . . 0.? C.9 0.9 1.9

-1.0
THETr/0.5592E 02 D-PHI/0.2609E 01

PROFILE

-. .. . ... NI,•O (flfLg~

T0T NT'O. VJTI - 2 - 2 - . .

-4yDRONRUTICS,INC

1.0.- 1.0

0.8 ~ ~ ~ ~ ~ L ~0.0 III

%. j 0.1 0.2 0.3 0.4 0.5 c.t 0!, 0 68 0.9 1.0

0.6

'ENSION/0.1?30E 04
0.2

-.. 0.1. 0. 0. 0.4 I i i .

0.2 • ,• oe o# ~ , 1.0 0.- -,• o•"o•, a .~. .

I I I I I7 \ -fL '- -I \ i,
0.2 0.4 0.6 0.a 1.0 0. 0.0O. 0:2 0.10.0.

-0.2
TCROUE/0.450E 01 T-mOENTI/C.8,8,E 01

-0.4

0.6 0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.8 0.9 1.0

-h0 IHETR/0.56?8E 02 0 *-HI/0.26O 9E . 01

PROFILE

_ - _-.. .. NORMAL

"EST NO. VIII - 15 - 2 - 90 . . .TRNGENTIAL

. 4



HY[RONAUTIC5,1KNC

l.0

•0.6 9

0 0.0 L.L .L.I....L L ... L.A W A- I I .i L L..L... ... L L 1 . A
g 0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0

0.6 -1,,,XL

TENSION/0.4620E 02
0.9

0.2

Io ~ ", , , I , , , I~=', • I , ,I ._ _-....-. _ _L . ._ ...L.L___L iN
0.2 0.4 0.6 0.A 1.0 0.1 0.2 0.3 0C.4 0.6 0.? 0.8 0.9 /11.2

X/L L .7

-0.2 -1-F I .. -

T•RQUEIC,?I2E CO T-mOMENT/0.220r 01
-0.4

0.0
-0.6 0. 1.0-,,.

-0.6 . .1 0.2 0.3 0.•4 0.5 0.6 07 0.6 0.9 1.0

S X/L
1.0 ~t::~ II I.I .0

TNETR/0.6532E 01 D-PIUI/0.2959E -01
PROFILE

-. N.. •oRmAL

TrqT No. TT - - -0 9

HYDONfI]JT]CS,INC I
0.6
0.0 1.0 ... . . .. A

So~ _ , - , , __L_ • _ _-_- , ,______

0 0 0. 0 1 0.1 0.2 0.3 0.4 0.05 0.5 0.? 0.6 0,9 1.0

-0.2 / 10 /

TENSION/0.I130E 01 r/
0.4

1--0.0 i.0 I * - - .-. ,

02 04 06 08 .00.1 0.2 0.3 0.4 09 06 0.? 0. 0.9 1.0I I I II

-0.2 -1.0
•'TOROUE/0,4060E 01 T'IMOMtENT/0.860OE 01

-0.6

..00
0.0

060.1 0.2 0.3 0.4l 0.5 0,5 01? 0,8 0.9 1.0

1 . rP R F L "1 .0 ý T R.T /0 , 3 70 1E 0 2 0 -P H I/0 ,2 65• -A!

PNOF IL 1 2

TFST NO. VIII 1 ? -2 - 90 ...... •••

is

-



-tY1'ROMiA, ITIC,,!NC

1.0 1.U ........

0.6
U.0 I L I. L I I I I I I

0.1 0.2 U.3 0.11 0.9 U.l• i a.? J.6 0. 1 1.0

0.6 - .

- ANSION/O.S?30. 04

0.4

0.2 5-

0.0 L1L" /L.L_-..J... 0.0 .....

0.2 0.4 0.6 0.6 i.0 C [ 0.1 0.2 C.3 C.4 - * u , -.ý J.6

-0.2 -L ,0 "-

-1.0L
TOiROUE/0.0600E 01 T .MonT/0.O608F 01

-0.4

0.0 A.1 J02 .L1L04 t%: OI . P

THETR/0.50730E 02 0 PIPI/P. '09E -el

PROFILE

V 'T f.I(I T I PC..

4,IY'RONRUTlCS, :NX.

, - L

- • TENSION/O.??MOE 02
0.4

0." 0 . 1 .0 0 . 0 .- .- " -- . ....

o I.0 . . o 0.6 0.? 0.6
.- 0. 00i 0.3 0.4 o./ O~o ". -.- " 1.0×tL~S... - .. ....-

._TOR0UE/0,1110L 01 'r-*flD •"T/.8140E CI

f 0,. h• r.. ••. . . . ..... ... ..

31- L

, TFET/0.1002E 0 02 0 0WOO.•.oN 0 01

PROFILF ............ 0 ,

Tr.. TI VD. V ',', 22 0 O .TANrrlTnl.

• ".' . . U



4,YDR0W'UTICS,!NC

1.0

9
0.6 ~UT0.0 1±..J...L.. . ..i 1i 1 L.L.-J

0 0.1 0.2 0.3 0.4 0.5 0.6 0. 0.8 0.9 1.0

-1.0

0.2

U0.

-02 0.2 0.4 0.6 0.6 1.0 ~ 1 0 L .1 0.2 0.3 0.4 .5 ft. 0. 0. 7.9 1. I
o.L S I Xti,

TOROUE/0.4890E 01 T

-0.4
1.0

-0.6 r.-./ - ' .......

Jw

00.6,0. 0.1 0.2 0.3 0.4 0.5.6 0.7 0.6 0.9 .

THETA/C.573CE 02 0 -P:41/0.2659E -01
PROFILE

TST NO. F•mTL "-..... 2 W

HYUPUNRUTICS,MNCI

-o.6

0.80.0 J L .L L .. 1.. --. J.-L..J __L _L LJ

00.6 . .1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0

-I.0 L
TENSTRN/0.2560E 03

0.4

.,_, _.__.-.-.--IIR

0.0 0.0 I I

0.2 0.4 0.6 0.6 1.0 I 0.1 0.2 0.3' 0.4 0.- 0.60.? 0.6 MC.1.0

04NTUROU/0.310 01 -MOMENT/0.6420N 01

0.6 0.1 0.2 0.3 0.4 ..5 0.6 0 .? 0.9 1.0

-10 1. WETAD. 3280E 02 0 -PH1dO.2859E-01
PROF ILE

TrST NO. Vill 40 0 -90 TnGNTA

S|.0



,4YORONAUTICS,IINC

101.0

0..1.

0. 1 Ol 0.2 1 01.3 1 0 .41 G 5 0.6 0.? 0.6 .0.6

TENSION/0.IOIOE 04

1.0

0.2

-0.2 -
T -rnOmENT/0.9506F 02

-0.4

1.0 ..a

0.6 / o.: 0.2 0.3 0.4 0.5 0.6 0.? ,o• 0.9 l.01

THETR/0.264?E 02 0 PHI/O.40f2E -01
PROFILEXIL

TFS"T NO. [X - 0 - 2 - 0

AYDRONRUTICS,INC

.. 0

0..1 0.2 0.3 0.1 0.4 0.6 0.? 0.6 0.9 1.0
0.6 - /

TENSION/0.1030E 04
0.14

1.0

-1.0 1.0 0! 1 - 0!2a 01, o" 7 6O, 0 .5 Oa.? 0 2a OX/L

0.1.4

0.6 -I.0

0.6 0.0 _0O 0 0.

1.0 - .. o ~ 02 0.14X/L *\ .

-1.0 -PROFIL A . w 020-4M. 2 0

TEST NO. IX - 20 2 0

...... O. .{'-'L".*_--- --- ~---- ..-.- "". .- ,- - .--.-

•.• / a o~ u. o.• o.• o.• .• ,• o •.
i •" /L ., .-.-'



WYORONAUTIC$,INC

0. 1.. 0.2 0.3 0.4 0.5 0.b 0.? o .6 0.9 .0

0.6 - ./

TENSION/O.ILSD0 02
0.0

1.0

0.2 -/ -

1001 0. . 0.41 0.1 0.6. 0.? 0.6 0.9 1.0

i L X/L
-0.2 -

T--0ImENT/0.95W0E 02

-0.4

0 .1h 0.2"0.3" 0.11 0.5 o.0. ? 0.6 0.9 1.0

-1.0 PR F LE'HETA/0.% 21E -01 0. PHI/O.4002E -01

P-RAXIAL

"'0.0 I I I I I I '....L..... .......m I...

TEST NO. IX -22• 0 -0 ...... ~r:m

WYORONAUTICS,INC

0.6

T1NSIOW0.1030 01
0.1

0.2 1,0.

~~~~~~ 0.0 I .~

)--.. .& 0. t. .0 o t 0. 0.2 0.3 0.11 0.5 0.1 0.? 0.1 0.9 1.0
,, , 0.- t X/L ,-.fI'N'O"\U

-1.0 L

P W~0.0~
0. 0.1 0.2 0.3 0.4 0.5 0 y.6 0 .' 0- 1-3

1.0 s~urjX/L .

PRO:FILE

TEST. NO. IX -22 •2 -0 ..... _,. l1A.



HYDR ONRUTICS,INC

1 .0 h O

0.6 i ..L.' . I.. . t I * i I I I I I I I I

0.6 ~0.0/
9.1 ? 0.3 0.4 0.5 o.b 0.' 0.8 0.9 1.00.6 " IL

TENSION/0.I0IC O0I

o.2

0.0 0..0 '

>h 0.1 0.2 0.3 O.-1 0.!. 0.6 D.? o.; 0.9 i.0

• .I-hL X/L

1.0

0.1

__________.________ 0.1 0. '-.; 0. 0.13 oJ~ 0. 6 0.3 1.0

X/L

01.. 2 02 0. "I/0.? O02 E -01 '.0

PROFILE

TF1T NO. IX -26- 2 -0

VYDRONkICS.INC

1.0 1.0 F 0. 0.

0..0

0. M.4  M~wioaa 0. . .6 07 0 . .
I..L

0.00 0 0 I I 4' , i i m I m * i • I .. .... -

0,0I•0-2 L ° 0-4 04' 0. j 0.? 0. 1 ".0

-10

11.0

PROFILE im

'ilt5T NO. IX - 29 -~ 0 - .

"I h



14Y'OROMdUTICS,INC

1.0 1.0

0 0.2 0.3 0. 5 O,0 .5 0.7 0.5 0.9 i.O

0.b X/L
iL
10 IOC10

0.4 -

~0.0 0.I0S

A " ?--,--.Oj• 0.6 .J.Ž 10 0.1 0.2 0.3 0., 0.5 0.7 0 .9 h.

TAWNv4/0.f0m 02

0.0 ==*5

0.1 0.2 0.3 4.1 0. O.ý - ,! 0.4 1.0
X/L

r.ami.•w

wo.mmoorOnmwO

-he

O. 0 0.2 0.3 O.ma 0.5 0.6 ;'' • . ..

1.1 U P.OFILE MMa V U , I

TFq'r NO. IX - 20. 2 - 0 ..... "~~

1.0 h.O

0 I0 I , I O, O I 0, I OI 0, I , I , I h

I 0..6. 5.0,, 3. ". o0'.6 .

X/L

.1 .4 OW11

4.4 ,stu u .l1

ft+

..1. - M3.0-,

~ .0 I B I 1 I jJ t-~.- &..•. ... ... .*.-.. . .. . , ..

'.I,0g kI iu.IitM~ IA 6.IS 6?0 .6.3 I

ST N. IA •6 0 0..

1 q*

4



MYIJRNOJTICS.1INC .

1.00.6 1.0 * op.0

0.2 0.3 .0. 0.5 0.5 0 .? .6 0.9 1.9

0.6 I- X/L

01.9

6. .1 0.6 0.6 1.0 01 0.2 0.3 0.11 0.5 0.A 0.? 0.; 0.9 1.9

*02X/L /

T-MIENTJ00.05W 02

-0.11

1.0

-0.6 ml I

0. ,J L 1

%m64

-0.6 F 0. 0.2 0.3 0.0_0o.L. . • '•. -- ,- 0.M 0.9I 0

11.0- .

P�ROFILE TWTM.n3E 02 o .- PHI4•0.33-6. -Ci

TECT NO. IX -0 -2 -30 -

LIYDRONflUTICS, INC

-. 0 O- -01.0

0 -sBl0. --J

0.6

TES0.10.26~ 0 .3 04 05 06 0. . . .
"0.6 POIL

1.0

0.T2 . X -0 - • -... .. .. T :r

0.0 0. 0 . . . . .. .

0.2 0.1 0 0.6 1.0 01 0.2 0.3 0.1 1 0.6 0.? 0.6 0.9 1.0

-0.2 -" -
-1.0

T -MO.6NT/0.65900 02

-0.11h

1.0
•0.6 -h0

0.6 - . . _.f IZ oI "x *0:6 0.9 0

1.1 X/L.=
T-m1410N.5390C 02

PROFILE DP10 3e ý

TEST NO. IM -20 - 2 -30 _''- '-".--AL
0.6 'l ' " .. . .. . .. . .. . --' -"= "--,. [ .• .• .., .• .• •.•-'--R, a o• >



1.0~ 1.0

* I • iIe i i , i , , , * l , , , , l , I , a ,

0.1 0.2 0.3 0.4 0.1 C.6 a.- 5.6 0.9 1.0
0. I6 i 02 "-X/L

S0.4

0. 1 I. * . .

I 0.2 0.4 , 0. 6 1. 0 0. C.0 0.. 0Z M. U 0. 9 h1.0
X IL :,L"-0.2 -1. a

-0.4 o
.-Ohd

-0.6 0. 0.2 0.3 0.4 0.4 C C.6 0.6 0.M 1.9
X/L

-h.4 -. T/O90 -0O-RP1IO11/0jS -01

PROFILE

TEST NO. !X -22 -.0 -30 ...-

-*YDRO#AJTI[, IC "

1.O 1.0

0.6

0.01 X/L

0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.3 0.1 1.0S•. -!0 'riNSlON/0.16,t oW

-0.2

T .IOME[NTI0,M90 02
-0.2[

3.6.

0.0 6 0 L0.- - - I

0.M. . 0.1 02 0.3 04 0.5 0.6 .8 0.

X-L alp /

,kTFVO,30C 02 0- .PN1t/0.3396-0 0

PROFILE .- !

"TEST NO, IX - 22 - 2 - 30 ........ . NN IAL.

,-4..
•,• .5.-.•41 ,, •,,• .



* eomsmcms,nc

0.6

0.! 0.2 083 O.4 0.5 0.6 0.? S.6 D.9 1.0e~s X/L•

-i.e I
1E• .WJ6SCC 84

0..

0.2 t

0.2 0. 4 0. 0.8 o .C L 0.1 0.2 OoJ 0.4 0.5 0.6 0.? 9.6 O.! 1.0
X/L ,.0 X/L

TFn.o.1'0. 0.3.55. 02

1.0 .-- -

TVSNOOI 2 3

-oa- :'. - .-" * "'" ""

4.0

0. 0 .2 0.3 o.,• 0/°• '." , -0 . --C.?,.. o . 3_... 1.0

-lO-. -:rt.• EO D-R-IO),[

J . 0.0 L~it~I'L L

-0.64 0. .6 10 . 0.2 0.3 0.4 0.1 0. 0f~ - .7 0.8 l 10.
XLX/L N

I ',•'FILE

TEST .NO. [X - 2• 2 " - ........ .,q'Z •:.

t~..ONRIJT I CS,! Nt

i.O [- 1.0r-

* . ",F

001.6

0.6 0-1 0.2 0.3 o.. o.• • ?. 0.6 0.9 1.0

.X/L

r0

0. . 0..O r0.?I0.6 0.001.0

0.61. .- : / I; " ...

":- 02 o• Ob 06 h W ~0. O.i 0.2 >0.3 0.1, 0.• 0.6 0.? 0.8 0.9 1.0

10.E00 0 -P,1100.3 11 E - 0
NO. PR0FILETESTNO..I. ,. 29...0.-.30- - -'.- -." -.-'r--'•-- N, , T i R

0,60



.4YMOIAMTICS,ItC

1.0 1.0

0.6 O 0.0 | i t i i pi p a i | i i i i L I i I I

. 0.1 0.2 0.3 0. .0.15 0.6 0.? 0.6 0.9 1.0

0.6 0 X/L

1.0

0.0 0. Al ",. /. . .

~Joo .......... RI IRL .

0.2 0.11 0. 0.6 1.0 0.! 0.2 0.3 0.4 o 0 .5 0.6 o 0.6 0.9 1.0
o.L X/L

-0.hO

T-TOON9T/0.650E 02
-o..

1.0

-0.5 L
-0.6 - 0.01 0. 0.

•0.6 0,j 0.1 0.2 0.3 0.1 0.5 0.5 0 .O 0.9 1i

_ XlL

PROFILE ......X/L

TEST NO. IX -29 - -30 _RTIAL

HY"RONAUTICSINC

I 0. 0.2 0'3 0.'q 0.l 0.6 0.? 0.6 0.9 1.0
0.6 L

TENSION/0.9130E 02

0.21

01.0

-0.2

~0.0 0.0

-0.2 0.t. In5..
I 1 .0

.0601 0.2 0.3 0.11 0.0 0.6 0.? 0.6 0.9 1.0

-1.0 ITA/0.2M 000 PH110,3315E -01
PROFILE * . AII

TEST NO. IX - 40 0 -30 . --



N4 OCNnIJ'ICS, INC

1.0 1.0

o.•, - • -•ri X!L I

01 0.2* 0.3 0.'0 0.5 .1. 0.a 0.6 0.9 1.0

TENSIO/0.29OE 04

012

0. - .0\.0 -,2 0..0'., " , , 0

•" 0.2 0.4 0.I 0.6 1.0 ;) [ --a-'... . 0.4 0.5 0.(, .. ' 0.6 0.1 1.0X/L • .-- '

-0-1.0 L
TOROUIJ/0.12? 02 T -OMGMENVTO.25'60E Q.,

-0.6
gyLi

CX 0.0 r -r"I I A I i I I I I I I I I I I I I I

cc04 m 06 0.? 0.6 0.9 1.0

-1 .0
T4ETR/0.2F33E 02 0 -PHT/0.366OE -01

PROFILE
-NORMAL

S....... .-, NormRL

TFC:T NO.l!X qf 1.--.-

HYDRONIUPTICS, INC

1.0 1.0

0.6 I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
0LI• 0.0 I I..L .. L . I I I I I I I I I I I I i I I

" I 0.1 0.2 0.3 0.4 0.5 0.,• 0.? 0.6 0.9 1.0

.1.0L
• TENSION/O.a930E 04

0.4 -

_. 0.0 . .0.0. ,- ..... ....-p
,0. 0.4 0,l, 0.6 1.0 0.r1 0'*".. O.. f'.? 0.6 0.9 1.0X/L...-I-,.,,,

0.: ' -1.0
TOROUE/O.1O260E 02 T.-mOM'NTO/50,20 E 02

-0.'i

-0..0

J -I I I

r0.4 0.5 0.1 0.? 0.6 0.i 1.0

1.0 0 WETRW0.27s33 c 02 0 FC41W.1 01

PROFILE

TEST NO. IX - 20 2 •60 ........ mocwtm.

a . .t



9.tORONII$,CSINC

0.'1

1.0 0.0

0.2 I 0.0IJ • , , I , I ,I I "

0 .1 0.2 0.3 0., 0.5, D.A, 0.d 0.6 0.,9 1.

0.L X/L . /

•,0TENSION/0C, &l0E 02

-0.2
"-1.0 L" Tf -MMN/.2...E

TORDUE/0.2,30E -01 T-romE:NT/0.28U0 O

-0.4t 1.o 0-'- .,_::: .•...-" :c2" Z\

1.0 -1.0

-0.6 litI I

-0.61. 0.1 0.2 0.3 0.'1 0.5 0.6 0.? 0.6 0.9 1.0

TI.ETA/0.5?0?E -01 D .PHI/0,. 560E -01

PROF ILE

_-_-...NORMARL

TEST NO. IX 22 6n - . . TANFTTAL

HYDRONAUTICS,INC

1.0 1.0
0.6I-i--I-_________ -_i_-__l__l __ i__ l______l__ ______• l

0.6 5

0.0 I LI I I I I I I I I I I I I

0.. 0 .3 0. 9 0.5 0.6 0.7 03. 0.9 1.0
0.6.• . X/L

T-NSION/0.2940E 04
0.11.

0.2 1 . -. .. ..

000.0 .77Wic-, \
0.2 0.1• 0.6 0.6 1.0 I br -"-..a.. 0.,4 0.5 0.6 fa 0.9 0.9 1.0

TORGUE/0.12C0E 02 T -mOIINN/0.2501E 02
,0,1l

.0.6

TEST NO. IX - 22 2 60

4b-



,HYDRONAUTICS,INC

1.0 1.0 :
0.8 6

00.1 0.2 0.3 0.4 0.)- , 0 .f. 0 .:,' '- 6.l 1.0

0.6 -/L"

TENSION/0.2960E 04-
0.14

/ \.•0.0..2.1. .0~~014: .

0.0 0.0 W0 .2 "~ O• 0. . oT- 7 4a .o . .t. 4.p< 0.6 o..3 1.0

-0.2 t- a /
TORDUE/0.1280E 02 T -mOm'NTV0.2560E 02

-0.14

.0.00. 0 L _-0.6 . : -'1. .o,•-.• 0., o.,i a.., 0.?' 0.6 o..) 1.0

1.0 -hO " ---"

THETA/0.2?2?E 02 0 Pd/0.3660E -01
PROFILE

- -.-. ,.... ._NORmRL

TRc5T N10. !X Hfl M .. TnN$r-NT T-,

HYDPONAIUTICS,INC

* IC 1.0

0..0

SO O i i i I I I I I I I I l I =-0.2,0.1 0.2 0.i 0.14 W 0 01

-1.0T0T/.~a0

.1TE!SlOi!0,.010. 02

1.0 ia~1.0

J. ,10.0 .. 1-0=' i i i i I i , I i i '
>' 0.2 0.4I (l.t, 0.i h1 .0 0.1 a . I ., , O. .4 0 .5 0.6 .0.? oi m~ A.o

X/ILE XL N

i.O0 ~--,-t•

OEST NO. IX 29 0 60i
0., '.' 0.' .l .' •L 0. O. :., 0.' .0



-HYDRONRUTICS,MC .

1.01. *

0.6 ) 0.01 i , i , _II I I I"0I .1 :0.2 0.3 0.4 0.5 0.j, o0, 0.6 0.9 1.0

0.6

. 11,0 LTENSION/0.29?0E 04

0.21.

S•- ., .. ,o . ... .- .. .. .. . \\

_o______,_ ,_,_,_,_,_,_,_,__o___.._--______" I I I # I I I I I ..- 4 I I i
0.9 c I 0.0 ~ ~ ;.0 ~ '.

0.2 0.4 0.b 0.6 1.0 OA "., 0.5 o.b•. , 0.3 1.0
-0.2S -.

-1.0
TOROUE/0.i260E 02 T-mOmENTi0.2t60E 02

-0.41

0 .0 r*r
-0.6 F-., .- ' ' ,

.0.6 ro-4..3 , 0.4S 0 ., o.? 0.6 0.9 1.0

1.0 -1.O T•R0 .?2 366C O 'H)".) -01PROFILE I 0 0

-. . -....... NoRmAL

T5T NO. IX -2.,- 2 -60-.. .. - NIL

HNYfRONAUTICý,INC

a F0 .1 0.6 0.1 0.4 0.5 0.6 0.? 0.6 0.9 1.0

036 X/L

0.,,

0,.0

1,.0 -1.0 ", ,0 ,/ ,~ W , oo -, , ,

Do I I I * I0• .2 0.4 ,d 0.6 I.0 0. . 0.3 0.4 0 .5 • 0. O.? ".,,S o*./ 4

iE O.Z 1Y L. /00 6

I.

1.0 *.0 "

PROC ILE

TES3T NO. !?l 40 . 0 60 -. .. ..... .

II



HYORONAUTICS, INC

1.0 1,0 , .

0.6 0 II I I

0.0 1 [ 0.1 0.2 0.3 0.1 0.5 0A. 00.7 o.Z ,G 1.0• • 0~~~~~~-.0 L tJLI ' _J•

TENSION/0.3&20E 04
0.1.

,.0or .. . ..- t_....>. -%0.2 --". ... ..... - . •_ .

-3 0.0 1 1 0. 0o I I I I I I I

0.2 0.'1 0.6 0.6 1.0 0 0.1 0.2 0.3 0., '11 1,04 0.4 0 0.8 0.9 1.0

.0.2 -1.0
TOROUE/0.66I0E 01 T-7 .OMmNT'0.2,000 02

.0.1,

I 0.0I i I I I
-0.8 0.1 0.2 0.3 0. o. 0.1 o.A 0.7 0.6 C. 1.0

kT 0.0 ? 02~~~ 0 rH/.1ec -01
I- .... •..,XL....

1.0 -. 0 1 I' O.? O "" " " • - -- '"

PROFILE

- ...... .-.-. JdOR m•.

TEST NO. !X - 0 - 2 90 ........

HYDRONRUTICS, INC

1.0 1.0

0.1 6203 :
CAI 0 .2 U .4 O.1J 0.6 0.? O.8l O.9 1.

0.6 X/L

0..14

0. M

.0.0AC 1.0 i 0.1 0.2 0.3 8.4", 5 0. L.? 0.6 0l9 1.0

0..0
0.0. . .. . ., MI L I I .

FRrICl 0.2 0.) 0.4 4.5 IA 8.? 0.6 6.9

ST 40. t)X *2G *2 90

-MIM,



f k-iYORONAUTICS,INC

• 1.0 1.0 ,. ................. -....

0.8 
__________________II S0.1 

0.2 0.3 .0, 05 0.6 0.? 0.6 0.9 1.0

0.6 
" S-1.0 

L SI'£ENSIDON/.1100E 
02

0.1k

0.2 "02 . . ..1.

*0.0 . ... . . .\ guc 0.2 I A I i Im# !0-.

- 0.2 0. 0.6 0It 1. .10 0.2 0.3 0.0 "0-"r V .6.6 0.9 /1.0
~~/ oX, .o

1TRo E/o.2Y' -01 T -moMENT/0.206oE -03

P-O.0 -. 0

0.6.0 P.O .L ......' "ml"-. - :-"-• _

.. 1 0.21 0.3 0.4 0.1 0.6 0.? 0.1 0.1 0.0

0.. hi L .o. , X/L

S0.0 • O.O * * I I I I _i I I I I I i i , Ii

0.4

0.4 0., 0.0 O.6 hO r .1 SJ ..0 o.,L M V U O.9 I$
X / L6 I [. .1 . , ' X. L

A~f [0.0U16 IA U M V0 U Ub

I.0 
044 i U 4-

WQOILE

.STNO. 
IX 22 2. 9

ti

o.,..,r-'--.-..-... ............o.-



HYDRONWUTICS,INC

1.0

0.. 0._ O._ _. ,_ 0._ 0._ O.? O. 0.9 1._

0.6 X/L

Coll

0.--.1 .3 0.2 0. o/ •.-. A . . . .

0..0

-0.0 0.0 I I I I I I I I I I I

0.2 o., 0.6 0. 1.0 I CA 0.2 0.3 0.4 1'.5 0.6 0.1 0.6 0.o. 1O .
XILE XL

0.2 -1O. L - ."3.0

\i,500w 0 : T1:0?NTI/0200C C.:;

.0.,C

h 02O ,PMIIO.4K -01PROFILE .... e l

TrST" Nn. IX - ?F - 1 - 90.... .. ,.t

C5,l1C

0.1 c o2 ., 0.,, 0; . , ,., 0., ,,1 ,.
0.t3

0.2 L4U 0.1 . .0 S 0.2 8.1 6.4 0.? g.9
0.L M/L " , 0

* E0N.0 .. .. * _2..J ML9" ,,,, - 30, a.a • 4 Y , '--

O~1.4

4.6

CLl L Sol L Is I S $ S W

1.i6~ nX/L,

WI 4 0 ̂ 4,d4.WK~ ,€a

m.i



wmmC$,IKC

1.0 hO .

0.1 0.2 0.3 0. 0. 0.6 0.7 0.6 0.9 h.O

0.6

.J0.0 1-

"0. 0.4 0. 6 1.0 0.1 0.2 0.3 0.4' 0.5 0.6 0.7 0.6 0.9 1.0

vrmnU£Jv0 01 V -,~rJO•0

.1.0.
-O0.0

-0.e l 01 0.2 0.3 0. 0.5 0.1 0. 0. 0 . .

-1.0 L I N o /W A -

PROFILE .

TEST NO. IX -29 -2 -SO ........

1.0 1-0

"0.6

0.0

4A
PII- 

-

?r" WD, X t~. 0 to.. .



,'oRaNALrTICS,]NC

1.0 1.0

0.8 
J. .

0.1 0o2 0.3 0.4 0.5 G. 0.? O1.6 0.9 1.0
0.6, X/L

TMRIOWO0;|ICIE•
0.4

iio/'

-X/L

" I- .-•G• , •, :. . , , . , i

.L9 L

Il. C.

-l,. .. F

' If ';f"'I
IT 'a- 1.0 ,*

r -OI V

* ~ i~oL T ."MliU4T/0.rJl 02

e.T I-. xA. . . . .... ..



4WOROSAJKqTit~~~~~~~CS,' 3.0

h.0 -.h

.0.6 -
0 0 .1 0.2 0.3 0.4 0.5 0.f, 0.? 0.A 0.9 h.0

0.5 -oX/L
N' -1,0L

,• 'ENSUl4/0.1'UU 02

1.0

0. -.

,. 001' I 0.0 L .. L.AA ..... ,.'-- I --
-0.2 1.0 0.1 0.2 0.3 0.-4 0.- 0.6 ... 0.6 0.9 1.0-0.2L

S!l'•,c~T oo o,• vo.soo.oi
•1.

f-0.8 .- OR. C . 0.8 0.9 1.0

-1.0 CTR/C.9511E 00 0 -P14/o. 4w -C01
PROFILE

TEST NO. - 22- 0 -0

HYDVORONRUTICSINC

S• OO t t F. I I Ii ii i I i I I I I I I
0.g 7-L 0b U? . . .

0.1 0.2 0.3 0., 0.5 o. u.? o.6 0.9 1.0OA o . . X /L

TENSION/0.1030E 04
..0.

0.2 hO I ,00,

.- ,oo1 0.2 0.3 0. 4 0.! 0.' 0. 0.6 0.9 1,.0

T ,IN~f1NT/0o.ME06 02*0.4

1.0• 0.60.4, [ ,. , •/

0.0 L U, l -j--. , I je I I I I

X/L
-1.0 - PROFILE . 02 001

TET NO. X -22 2 0 0. ..__

.1

Si



4VMONR#UTICS,INC

1.0 1.0

*i i L -

0 0.1 J i j J

II . 0.1 0.2 0.3 O.. . .. .L . 0.? 0.6 0.9 1..

-TNSIOWC/.104C Cl

O1.1
at

0.2

1 .0 0.1 0.2 C .) C . A C .. ..b ,.? G.o C A. 1.0

-0.20.0 .
T CjGrIT~fNTr!G.)I'.qfF ;

.O..1

0.1 0.0..u"~ 0~ 06 . .~~hO

S1.0
IPROF LE TH 

1TR t.ZI6E 0.2 D r 4!/V ,,4[0. -01.

1A
-......... NE~'

'G."• 2rl 0. 6 -b 0. 0. 0. .1.0•

•'•,•0~~~~~-.0 L .. =. .. •

1.0 L-:l 0.2 0.3 0 .4 M'' CA, VI 0.6 0.9 1.0

--. -1.0 L

AMIN,

TE:N,•INIO, ,.0U' O

iw



I-.-.

4.YORMONTICS,INC

0.0 1.0O.b 00 I I 1 I _

0.1 0.2 0.3 0. 0.5 0,5 0.? 0,6 U) 1.0

-h.0
TENSION/0.1040E O4

0.4

1.0 _
0.2

1.0 0.1 0.2 0.3 Oil 0.5 0.6 0.? 0.6 0.9 1.0

-0 . 2 
-hO

T -mOMENT/0.9O0E 02

-0.14
1.0

-0. 0. L _

-71 Or_& -. 4• M. 0.5 0.? '0.6 0.9 h

-6- X/L

-1.0 1.0L
-HETA/0.2?•l' 02 0 ,PHI/0.002E -01

PROFILE

TEST NO. >X -29 - 2 - 0 .. ..... rNT1R(.

14YORONRUTICSINC

o.6 0. 1 L I- 1- I- .i ,_._,.,.
0.1 0.2 0.3 0.4 0.5 O.b 0. 0.6 0.9 1.0

0,b X/L

0.0a

0.2 X/L

•-0.2 1. I.0 'd...yW'

?•401NI.II N

0.4 0%

""0.7 -'3- o.6,--n .

X/L

PROFILE

rEST NO. X - 4 , 0.



HYDRONAUTICSINC

1.0 1.0

0.6 r .*

I 0.1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0

0.6 -10t /

TENSION/0.2530E 02
0.11

0.21.

-0.2

'I .0 h ,-L-.-

-0.6 . . . . . 0.1 0.2 0.3 0. 0. 0.A 0.? 0.6 0.9 1.0

PROFILE ~~~ ME-m102 10A41N/0. 3 ?11F 02

1.10

'0.61.[

-06I 0.1 0.2 0.3 0.11 0.5 0.6 0.? 0.6 0.A 1.0

0.~- a ............. 0

0.0 1.0.6 08 1. . o .

-0.2

12.0

-0.11

X&L

-1.0 D-IM1 U1.0

PROFILE

TEST NO.~ X22 - 30



HYDRDONAUTICS,IN,

1.0 1.0

0.4
i 0.0 1JJ.-J. _..J.L -J.L... L.. _-. . JL .I .I.1.1

0.1 0.2 0.3 0.4 f.1 C.M M r 0.. 1.0
0.6 " /L

-1.0
TENSION/O.1620E 04

1.0
0.2 ' .

X.L L ;,. ,I \0N 0.ci 1.

-0 .2 . 0.6 . .0 0.1P, 0."

1,•RrCULt0.5'5+.JCE 1r T .mmr.4,! NT/0. V'1 1

-0.4

wtwoasitr ci r, rii!/r. I~qr.01C

I O .,,

I..

voo

-Ot." ./" ,

x h,

IINI

0A. .ho

TNTRO.S•" • , r+/C IC.1F.O
r•Ort +L



HYDRONRUTICS,INC

1.0 1.0'_

0 00| I I nI I. I I J I I I I L .L_. ..--

0.1 0.2 0.3 0.'L 0.1. 0.6 0.1? c 08 .9 1.0
0.6 X/L

.TNS1NO.10ZE 04

__ __ __ _ __ __ _ I
0.0 .N0

0.2 0.'I 0.6 0.6 1.0 0.1 0.2 0 .3 0.4 1 0.- 0.6XIL iX/L- "
-0.2 -. L

•RmtJ/O.%50E 02 T' .MGmENlT/O,6%r C2

-o1.0

00.0 .. . . . . . .

00.6 - 0.1 0.2 0.3 0.1 0.5 0.6 0 0.6 0.9 I.C
*I. - X/L.

1.0 1.0 - i I , ,

- .a 0.2 0. 0.4 M.' 0A . " 0. 0., O .0

0. .1- 1.0

r . .

0.4L

S o l., 0.., L .e 0.M 1.0 O.I U 3.1 L.O L.6 V. 0.6 Sl.9

4A r. 1.0t 3.0 i.0

-4 'hipia~

r ia N

L i, W~ fto l M .S ol L b V 4 U ~ M .-

JII~m" II °*qi

c.4 --- h 84 Sd ..S 50 g. j g

rt1r4 . s b2.



N'DRONAUT]CS,,NC

11.0

O. " . i jS I I I I i I n , a , a I i

0.1 0.2 0.3 o.,4 0.5 0.6 o." M. 0.9 1.0
0.6 X/L

TCNNOWO.I? 0'4
0.2

0.2 0.4 0.6 0.6 1.0 0. 2 0.3 0.,1 8. 0.6 : .6 b.9 0..
X/L X/L. ,

-0.2

*01.0

"-0. 0. . 0.2 0.3 0.,I 0.5 0. 0.. 0.8 0. 0 ,.0
X/L

PROFILE

TFST NO. X -29 2 - 30 . .

1.0

Ol0.1 1..: U~ 0.5 Ol 6A .L 0.6 Ol .0 ~o. X/L

0.64

o.e~ &"" • & ' A i I I k, . .. A
LZ -

Lo i.I o$A S- M U -i LI $ 'Ato Its

PRGFIL

,MST wit 4 ,0 - o - w0.,..mm
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WYMWAJIC%,INC
S1.0 1.0 , . . , . . , . . . . , , . _, , , , , _ .

0.6 I I p p I P I .

01 0.2 0.3 0.'A 0.'S 0.6 0.1 0.6 0.9 L
/X/L

0.OL3 , I * - •

60.0

0.2 0.4 0A 0.6 1.0 0.1 0.2 0.3 0.11 0.05 9.b 0 0.5 0.9 3.0
"-0.21 "I -. 0 L.

T407WKI#VO.25W 02
T0. -mrN-.H•

1.0

OoO °•"r" I i I l i i i i * I i I I l I I

00.6 a., 0.1 0.11 0.5 0.6 0. 0.5 O.' 1.0

TFfST NO. X • 0 - 2 - 60 ...

" ~ L L

I4'VUISO1T1rCS,1IC

L • U Ll 0.M.8 . 1.1

X&/ I~.- me~aI ...

IA

r I _ _ _ _ _ _ _ _ _.__ _ _ _ _ _ _ _ _ _ _ _ _

.44 1.4 U ALlU I & l

* PROFILE

" ~~ TS %0.t 3, 20 2 60 .... _4m

dl d



HY0RONU't1rcs,INC

0"0 t 0| ' ' ' ' i ' I 1-- -- I I . L...L P. L " "
0. 0.2 0!3 o.4 o.1 CAb 0.1 o.6 0.9 1.0

c.6 X/L

.'Mmm 02
90.4

0.2 * *

> 0. 0 0. 0.6 . 0A . .0 0.1 0.2 0.3 O.4 04! 0.6 0.? 0.6 0.9 1.0XlLL

X/L~ ~ X/LTA013CM/0.2M ~ 02-0.4 -I.

0.0 .__

0.6 0.1 0.2 U.3 0.I 0.5 0.b 0.? 0.6 0.) 1.0
X/L

3.8 0.0400L .01

PROFILE

TrcT Nn -2 -0 F0O~...,.

"A. [ i".L..........L..........~ m l III*

I Ll 640U36.4 15MU S.? U I 3.

4A

U"8 Of "L" 1" IJL l$A U # "W

)VL X& .. '" " ''"

VL 4M4ilt4Ml 4A

T •tli 4 . A 22 2. ,6C . . . . •

166
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flm'q)%%TICSINC

1.0 1.0

0.5 0. _j J _ _- -
0.• O .2 0.1 0.o 0.5 0.? 0.6 0.9 1.0

-1.0. ,""

0.4

0.2

0.0.. .9. 09 3f
0.2 0.4 0.6 0.6 1.0 0.1 0.2 0.. 0.4 OXs L .6 0.; 0.6 0.9 .o

X/L X/IT
.0.2

-3.0

.0.1

1.0 V,4 . L . .L~.LJ1LL.-0. 01 O. 9.I0 0.5 0.6 0.7 0.6 0.e 1.0

I I. . X/L

-3.0 *1.0 do~i hi M4P41/.3'Ie -01
PROFILE

TFC'T Nf). X . 26 , ..

S• .6 i A a I a i i t I i I -I I i I t i i i ,

0 .1 3.2 L. M 0.1 .6. 6 .? 6 .6 6 .93.
M. XIL

O.3.6

L2 Ld U, U 14i U e. Ll .4 0.1 Lob LP U M Iv A
t.tME.4Jl(I

6.4

I,,5J J J ,I, I qm~ nl pit p pl 4

P4IITJ6.I,,

4A1 L, L) Lo Ll $ 0I . .8 U 1.

*T Wj.J( 1 0-S



0.,

*- 0:~ .2 6.3 SA.ei 1. 6 9. ? 1. .4 6.# 1.0

I.- - .- .-.- " \'

k -
L.J - A.I I t .. t I .

.2 0.4 06. 0.4 6I 0.2 4.1 M. C.. , . ~ . f.
-02X/L /

-0.1I

41.3

-0.O -- 4. 0L 4A 0. . o q . 6• M 0

PROFILE Wt mso0NA A

rF.T NO , X - 24 - 2 - FA *,o's .,,

0.2 M 1A u IA 4.1 U IA~l %4e L• 0

6.&L| ! .i~j 9JI.3 |,i |,5 Ob 6. 0. Id jJ

o~ X/" X/L

6.1 t

• O.,; i , , , •J i , .......- .. '...'... . . , .. . . .

I+. .t,.44 4* 6 L *

04,

LI
• .... . * *. + . :..t '* + . . . .

0.2 -4-

6.45



H•,tR~tRJTIIC,1NC

|A 0.4 0. .•J 5 0.6, 0.? 0.6 u.9 1.9

1--1.0

"4.2 0. M,, 4. 06 14• 4. 1% ,• ~ JA,', j.• ? 0).8 0.9 'N L

L.e. L O o:, o....

00.8 4-1 0. .0 .3 G *Oi CA .b .? 0.8 C.9 La

"" X/L */L."N* 5 5 ,*

.•.•wom 02, ,,0' -D " /C.281CCF. -Cl
PROFILL

0..0

0, t.2 k.3 0,' . 0,5 0., 0.' 0.6 0.9 A D

S-:. -

> • ~ .,o.•0L 0. 0 .P/0.2 0.9- /.
TFL X/L .h, . .

I---./-,.I.0tO--- -~I-, 5

0.5 mo1. N 0 .? 0 O.6 0.9 1.

r.4 0..0.3 0.4
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! Olaif,0..120C 01 *m! mLNTl0Ii200i 02 I i

S..-..--.--•..J iXl1R
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i4YDRONtA.TICS,INC

1.0 1 *O __... . --......L.-. S....

0.0 _L. T N. 1N/ IL0_E1.

0.6

01.0 [ .. , , .. . .. ...o.2 ,. _ , -- "

_j 0.0 0. 1 I I I , j
0.2 o. / 0.6 o.5 1.0 o.1 0.2 CJ 0 .4 " ir . b . , S.9 'A D

XtL C) X/L /

TOROUL/0.43501 00 T-lO.,11f.e*ff, U,)t i2

0.4
-0.6 5 • ... - ,-.

I 0hi " I l I I I I i , i

- i a 0.1 0.2 0.j 0.1 0.5 0., a.;, 0.8 0.9 L.n

-I.0 -I.

THILTR/0.9683[ 00 0 -i, 3.39'." -31

PROFILE

_ _... .... NORMRL

HYPRONAUTICS.TNC

!.0 i ~~~~~.',, . .....'- . . . ....... . .. . . .. . . . . . .. -

A _ o0. .t . L I. --- -- .. - 1 1 L I I I _.L . I_ L..1 i L-1 -1

V.6 VL*, Lo.1 0. .3 0.,4 U . • 0 .6 0 .? . 0.9 1.0

TENSICN/C.3460f 04

0.*

>X/LM .6 01 . 0.1 0. 1 0.3 0.11 03 .6 0~ .? 0.5 0.9 /1.0
od ," ,. ,.".0 '"-. X/L,., 5,

TOROUE/0,•40CE 01 T -'.mOmNT0.2o00CE 02

-0.'1 i
.0,6 1.0 .

S0,0 ..... -J . ...L-I .L..L..L .J. L. L. - .. .. L..

V.8 - 0.1 0.2 C•3 0.4 0.b 0.? 4.6 0.9 1.0

•ROF1 W.hETW/0O.2S13 02 -PHI/0,2600E .O1

S PROFI'E

-r •T N , - . -• - . .t .... ... r. UNrl



HYMM•NUTICS,INC 0.011.13 1.0 L

0.8.1 0:.2 0.3 0.4 u.! 0.h 0.? ,.6 0.9 1.O

0.6 , L.

1.0 . . .

S0.0 . I I 41� I 0 0i I I I I
- 0.2 0.4 0. 0.6 1.0 0.1 0.2 0.. 0.4 . 0.6 a.? 0.8 0.i /1.

-0.,2 -. 04 I '.. " ' /" "

TORPIUE/0.6890r 01 T -mTOITIIN'IT u.l20I00E 3.2

.HE7RT0.TA -614 02 I .PId/O.2800L 01

PROFILE
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1.0 1.0
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HYt'R0NAUTIC$, INC

0.6 • 0.0 1 0*1 0. 6 0. 3 o .4• 0. 5 0. 6 o . 7 . 0.6 0.9 1.0

0.6
-1.0 L

TENSIaN/0.3'190 04
0.11

1.0c-0.200 0 I t t I ) .0tb J .. _L . .L _. L"L.L - .- AI I A A 1 .I .19•

0.2 0.4 0.6 0.6 1.0 0.1 0.2 0.3 o.q 0. •!" 06 0.? 0.6 0.9 .0
X/L X/L -

TOROUE/0.5930E UI T-fmOFNT/0.2000F. (,

-0.6 01 0.2 0.3 0.4 0.5 0.6 0.? 0.5 0.3) LeC
X.IL
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PROFILE

HYDRO~NPUTICS,INC
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got 0.2 0.3 0.4 0.! 0.6 C., 0., 0.9 1.0
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X//L0
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PROFILE
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H4YDRONRUTICS, INC
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0.8 6.

0.1 0.2 0.3 0.11 0.5 0.6 Os. ., 0.9 1.00.6" X /L
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HYDRW IUTCS, INC

10 1.0
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4'CRGNAUTICS,INC

1.0 1.0
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I4lOfkTC$,INC
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IHYWIJTICS,INC
1.0 IA ,_

I'lD

k i I• . ...

.0 0 .3 I'm 0. 0.CA 0.? 0.1 0.9 1.0

-'.6/ X/L
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PROFILE.. . ..
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"'-"N" -';; 7

4,0.1 0.2 0. 4 0.1 0.6 O 0 0.6 0.1 1.0
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L X/L
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,j -1.0

P.OF ILE

r;,: v . xi f o g~n .n•F'~

0. 0.2 0.3 0.'1 0.5 0.6 0.? 0.6 0.9 1.0
0.6

TENSION/0.1920E 0Q
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,.0
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X/L X/L
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-IYDMQNPUTIL').!NC

1.4a

91 1
•'° . . .• •.0 • _ J..W.._..__J -4..__J.-..L._-.---I...,--, _.a-..~.-

0.0b

TENSION/0.1960[ 04
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TORGUFMI0.NC0 02 T -MMENmrT/0.2.I&Or 02
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I.-
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H.'DRONAUTICSINC

-2 1.0 1.0 * ,

0.6o

0.6 0.0 F I'- -']='~ " ' I I I I I/ __ I = ' I '

- 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.6 *1.0L

0.2N/.IIO 03

* ~0.10

02 0.10 0.6 0.6 1.0 0.1 0.2 0.3 0.11 0.5 0.6 0.? \~ 0.9 .
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X/
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PROFILE
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HYDRONAUTICS, INC

1.0 1.0

0.86 L I I I I I I I I I I I I I

- 0 .1 0.2 0.3 oA 0.1 0.6 0.? 0.6 0.9 1.0

1TCNSION/0.199CE 04
0.4

1.o r ...... ,0.2 1.0

0. .- .. .. ..0. ..0I I I L...J_ L/ i i

0.2 0.A 0.6 0.6 1.0 0 -, NG1 0.2 0.3 GA 0.5 0.t. 'O0.? 0.6 0.9 1.0
X/L- . .L.,-.

-0.2 -E"""""

TORGUE/0.1400E 02 T -MIOMENT/o.2Ur6-' 02

-0.4

1.0 j.

I.-

-0.0 : 0.2 0.3 0. 0.5 0.6 0.? 0.6 0. 1.0

l~~o -t~.o L- 3 ";
THET/0. 5'359E 02 0-PH/.320 -0

PROFILE

S.......NORMAL
"TFST NO. XI -29 -2 - ....... TquNETTPL

HAYDPONPIUTICS,!NC

1.0

0, F , IIII. I I I i I I I I I I

0.l 0.2 0.3 0.4 0.0 0.6 0.? 0.8 0.9 1.0

0.6 Ii 01i ii /

-TENSION/0.2?20E 03
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,1.0
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.0 0 .0 0. 0.1 0.2 0.3 0.• 0.5 0. 0.? 0.6 0.9 I.0

'H[•'AI/0.54PE 00 0 PoNT/0.•rOE "0 2

PROFILE
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1.0

0.0

TENSION/O.2010E 0LI

1.01
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1.0
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HYPlRONAUTICS,INC

0.8 0.0 A.. A .. 6 J .- .- .1 I I I I I i

S oA 0112 0.3 o.q 0.5 U. u.? 0.8 0.9 1.u
0.6
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0.0 - 0.1 0.2 0.3 0.,4 0.5 0.6 0.? o. 0.9 1.4

THETR/0.166?E 00 0 PHI/O. 302OF -01
PROFILE
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FiYIRUNflUTICS, INC
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HYDRDMNUICS, INC
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0.4
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PROFILE

TFST Nnl. XT - .G -9 I -9

HYD•JNLJIITL,5,iNC
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0 S0rOi1 0.2 0.3 0.4 0.5 0.6 0.? 0.6 0.9 1.0
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wmNwncOdRUICNC

1.0 -1.0
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PROFILE 
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- L

?T[NSIOW/.1310E 04

0.2 .4 06 08 1. Cd 0.3 .3 04 00 0.10.

-l.0
0.2 0., /Lb 0.6 1.0 0.1 0.2 0.3 0.4 0.5 0.! 0.? 0.6 0. 1.0

--1. \X/L
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PROFILE.....•x,
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TF.ST NO. X11 • 20 - 2 - 30 ... . . ANGENlA
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-1 ... .J.-_......L.......•

a.: 00.. 0.3 :.11 0. 0.0 0. "- - 1.9
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•-,0.0 i . i. I. - I . I ~ ~I If I I I I I . |

6.0
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PROFILE
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1.0 1.0
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MY00NJTCS*1NC

0.8 2.S o~e •] . . . . . . .

0.1 0'2 0.3 o.,' O.i o6 Oil' 0 0 1.0

00.. "- X!L

S O0.4

.0 -. 4 0
0.2 04 0..6 OO 0.5 0.6 0.7 9.6 -0.9 . O

X/L XtL\ /

-. 0.X/L

POF�ILE 13(T1/0.55iC 02 0 -ItHI/0.61310 -01

TFST NO. XII -29-2-30 Twrrip

'WM0MWIJTCS,1NC

1.0 1.9

• 0.6 I-________________ ._____" __ "

I 0.1 0.2 0.3 0.4 0.! 0.6 0.7 0.6 0.9 1.0
0.-10 tX/L

TENSION/0. 1600E 03

1.0
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0.0
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F PROFILE
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U's A A I I I j I IN
1-.1

0.4w~a 0.0.4O' . . .
0.0 .... -. .. - . .

0.2-

10.

--. .. . . .. . ...0. ...0 . 0.. ............ .J --:

0.2 0.4 0.6 0.6 1.0 Z 0.1 0.2 0.3 0.4 0.5 C.b C.? 0.6 .- .l 1.0

-02X/L /- -1.0 L

-0.4
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PROFILE

TFST tfl. XT! - ( - 2 - 60,.. .. fn,

HYIMNAUTICS.!NC

0,o • 0.0 I I I I I I I I I !i I I i I I I I I

0.ION/0.,040t/0
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O_ _ __ _ __ _ __ _ _. I......... I
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SO0.8
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T-.0IETWTO.6652E 01 D I PHI/0.3,60E -0i

PROFILE
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PROFILE

TEST N.-.- ...... NOmLL. TEST NO, MI[ - 22 - 2 "-60 ..... ?IN[''I.,
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1.9
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HYORONAUTICS, INC

1.0 1.0

0.1 0.2 0.3 0.,1 0.ý 0.6 0.? 0.6 0.9 1.0

TENSION/0.2I1OE 04
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1.04
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"
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PROFILE
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1.01.
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H.PPRONJTICS. INC
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x,,, r•/L" .. .
. . %5u20C02,P4IJ.WCV

n - 9



HYDRONRUTICS,INC

1.0 
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0.8 .... "
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0,6 • I" X/L
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TENSION/0.96?OE 02
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0.,4

6..0
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